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ABSTRACT 
 
 
Several long-lived radioisotopes of cesium, such as 135Cs and 137Cs are produced 
as byproducts of the fuel and targets of production reactors at SRS, and the radioactive 
isotope of particular interest for hydrogeologic and geochemical studies is 137Cs due to a 
30 year half-life, high fission yield, high solubility, high transferability, wide distribution, 
and rapid assimilation by living organisms. Due to the environmental releases and 
adverse health effects from Cs exposure, it is important to characterize Cs sorption to 
soils and sediments, which is a major factor in transport in the environment. Cs mobility 
is controlled by sorption to geologic materials, and sorption may be a rate limiting 
process controlling Cs migration in the environment. If the sorption rate is fast compared 
to the transport rate, relatively simple equilibrium based sorption models will be 
appropriate. If sorption is slow or involved with dynamic, competitive processes, then the 
sorption/desorption rates should be utilized in reactive transport models to simulate Cs 
transport. The objective of this research was to determine if Cs sorption rates must be 
utilized to model the transport, or if implementation of isotherms in transport models is 
sufficient.  
Competition between Cs and other alkali and alkali earth ions for sorption sites 
can alter Cs mobility, and increasing the concentration of competing ions limits Cs 
sorption while also increasing mobility. In order to study these phenomena, two soil-
packed flow-through and stop-flow column experiments with different competing ion 
concentrations were conducted in order to obtain Cs breakthrough curves. This was done 
  iii 
to study transport through SRS (SRS) soil under different ionic strength conditions. 
Desorption experiments were also conducted to investigate the Cs desoprtion. 
Radioactive conservative and nonconservative tracers were used to estimate dispersivity 
and study transport of Cs sorbed to low capacity, high affinity binding sites.  
The data were modeled analytically using finite-step and semi-infinite step 
groundwater contaminant transport equations, which simulate Cs release as a pulse and as 
a continuous release, respectively, in order to estimate the longitudinal dispersion and 
distribution coefficients, respectively. The effects of Cs diffusion from a high-capacity, 
low-affinity binding site to a low-capacity, high affinity binding site, which is known as 
aging, after stop-flow periods was also studied using these models. A numerical 
contaminant transport model that implemented two types of Cs binding sites, was 
developed in COMSOL Multiphysics, in order to estimate forward and reverse rate 
constants for Cs exchange reactions at both sites. Rate constants that apply to systems 
with both flowing and stagnant groundwater were estimated.  
Due to the dynamics of the competition and ion exchange processes, equilibrium 
models can be fit to initial Cs breakthrough data but are insufficient for describing the 
behavior after periods of stop-flow. Nonequilibrium models must be used to fit both flow 
and stop-flow periods, particularly subsequent flow periods after stop-flow. The ion 
exchange reaction appears to follow two steps with an initial exchange on FESs followed 
by diffusion of Cs into interlayer sites on 2:1 clays. Distribution coefficients increase 
after stop-flow periods. as well as two step model is that Cs sorption appears to have an 
aging step (via diffusion into the interlayers) that leads to sorption hysteresis. Aqueous 
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effluent Cs was measured in desorption experiments. It was observed from Cs gamma 
scans that strongly bound Cs transport is still affected by advection and dispersion. 
Equilibrium models are sufficient before the effects of aging strongly influence 
Cs transport after periods of long groundwater residence times. As Cs loading continues 
after stop-flow periods, kinetic models are needed due aging and the system being 
perturbed from equilibrium. A 1-site nonequilibrium model cannot adequately fit the 
breakthrough data, therefore, a 2-site model was used, and this indicates the presence of 2 
binding sites. The distribution coefficient increases after stop-flow periods as more Cs 
becomes strongly bound to the interlayer with time. Desorption experiments and 
radioactive nonconservative tracer mobility indicate Cs sorption to FESs interlayer sites 
is reversible. 
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Chapter I. INTRODUCTION 
 
 
Due to the environmental releases at SRS (SRS) as well as other sites such as 
Hanford and the potential for adverse health effects due to Cs exposure, it is important to 
better characterize Cs sorption in sediments with an emphasis on Cs adsorption to 2:1 
clays, which is a major factor affecting transport in the environment. Cs is a strong 
adsorbent because it has a greater charge density than other cations with hydrated radii of 
similar size (Denham, 1999). It also has little tendency to form complexes with other ions 
that may precipitate out of solution to form immobile phases under a normal pH range 
(Carlton et al, 1992). Cs mobility is controlled by sorption to geologic materials, and 
sorption may be a rate limiting process controlling Cs migration in the environment 
(Comans et al, 1992). Cs adsorption can take several days or weeks, and if the Cs 
sorption rate becomes slower than the groundwater flow rate then it controls the ability to 
remove Cs from the groundwater system (Comans et al, 1992).  
Several radioactive isotopes of cesium are produced as byproducts of the fuel and 
targets of production reactors at SRS, but most of them are short-lived and decay to 
insignificant levels of activity before potentially being accidentally released into the 
environment (Carlton et al, 1992). An isotope of particular interest for environmental 
studies is 137Cs due to a half-life of 30 years (Carlton et al, 1992). 137Cs, among other 
fission products, is produced in the reactors through neutron-induced fission reactions of 
235U in the reactor core (Carlton et al, 1992). Other minor contributions to 137Cs at SRS 
are from test reactors, spontaneous fission, and neutron activation analysis (Carlton et al, 
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1992). Throughout nuclear fuel production and disposition processes there can be 
releases of 137Cs to the environment (Carlton et al, 1992). The largest releases occurred at 
waste management facilities in the early years of site operation when 137Cs was released 
to streams and seepage basins on the site (Carlton et al, 1992). Most leaks occur as a 
result of accidents such as fuel failures, cooling coil leaks, or faulty storage containers 
(Carlton et al, 1992).  
Cs is also of environmental concern because it can be mobile in the environment 
and is highly toxic (Lee et al, 2017). It also has a high fission yield, high transferability, 
wide distribution, and is easily assimilated by living organisms (Giannakopoulou et al, 
2007).  The EPA regulates the rate of beta emitting particles to < 4 mrem/yr, which is 
equivalent to 1.7*10-14 M 137Cs (Durrant et al, 2017). Therefore, 137Cs is a hazard even at 
very low concentrations. Upon ingestion or inhalation, Cs is rapidly absorbed to the lungs 
or gastrointestinal tract and is then uniformly distributed throughout the body. (Carlton et 
al, 1992). 10% of the total Cs absorbed into the body is excreted within 2 days, while the 
remaining 90% is retained in the body for 110 days where it can cause ionizations and 
excitations in living tissue and organs as it decays, which can result in systemic or 
carcinogenic effects to exposed individuals (Carlton et al, 1992).  
SRS sediments were deposited in a low-energy depositional environment, and this 
subsequently causes them to have high clay content with a high Cs affinity. Clays are 
formed as weathering products of feldspars as well as phyllosilicates, which are also 
referred to as sheet silicates, such as biotite and muscovite (Lee et al, 2017). These 
minerals are composed of silica tetrahedra, a silica ion surrounded by four oxygen ions, 
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arranged in an interlocking sheet structure (Lee et al, 2017). Phyllosilicates weather to 
clay minerals such as illite, montmorillonite, vermiculite, and kaolinite (Lee et al, 2017). 
Clays are composed of interlocking sheets of silica tetrahedra and aluminum octahedra 
(Lee et al, 2017). If there is one tetrahedron layer for every octahedron layer the clay is 
said to be 1:1 (Lee et al, 2017). If the octahedron layer is between two tetrahedron then it 
is said to be 2:1 (Lee et al, 2017). When octahedron and tetrahedron layers combine, 
there is an extra layer of oxygen in the interlayer, which produces a negatively charged 
interlayer (Lee et al, 2017). This negative charge and interlayer spacing  gives 2:1 clays a 
high affinity cation adsorption or positively charged complex adsorption. Some 2:1 clays 
have interlayers that can expand to accommodate cations with larger radii or complexes 
with large hydration spheres, which are water molecules surrounding a positively charged 
cation with the negative dipole of the water molecule oriented inward toward the cation 
or complex (Lee et al, 2017). Other clays do not expand, therefore, only smaller cations 
with small hydration spheres can adsorb to the interlayer or to the planar surface (Lee et 
al, 2017). The interlayer charge and expandability determines the cation exchange 
capacity (CEC), which can be conceptualized as the amount of cations the interlayer can 
hold (Lee et al, 2017).  
Adsorption and ion exchange are closely related processes. Cation exchange is 
defined as the exchange between ions and a material surface where an ion in the aqueous 
phase takes an adsorbed ions position on a binding site, and the ion is desorbed into the 
aqueous phase. In adsorption, ions are bound to a surface by chemical forces, and the 
addition of one ion to the surface does not necessarily cause the displacement of another 
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(Konya et al, 2005). If mechanisms of these two processes are neglected, they can be, and 
often are, grouped together as a process called sorption (Konya et al, 2005). Sorption 
behavior can be affected by solution composition, kinetics, ion concentration, and 
multiple sorption sites with different cation affinities (Durrant et al, 2017). Sorption can 
also be affected by CEC and phyllosilicate type, metal concentration, pH, ionic strength, 
and temperature (Giannakopoulou et al, 2007). More specifically, pH can affect the 
negative charge on the surface and in solution, change metal speciation, displace 
equilibrium of surface complexation, and cause H+ ions to compete with metals for 
sorption sites (Giannakopoulou et al, 2007). 
The geochemical mechanisms affecting sorption can be quantified with a 
distribution coefficient (Kd). Kd describes the ratio of the mass fraction of sorbate/sorbent 
to the aqueous sorbate concentration (Denham et al, 1999). It increases as the sorbed 
concentration increases. Clays, have higher Kd values than other minerals, such as 
carbonates, due to their mineral structure and charged interlayer (Denham et al, 1999). 
All the previously mentioned factors that influence sorption also influence Kd. There is 
also a general increase in Kd with increasing initial sorbent concentration (Denham et al, 
1999). The slope of a mass fraction sorbed as a function of aqueous concentration is the 
Kd (Montgomery et al, 2017).  
The Kd, along with other geologic parameters, is used to determine a retardation 
factor (R). R is defined as the ratio of groundwater linear velocity to contaminant linear 
velocity (Denham et al, 1999). R is equal to 1 if there are no geochemical processes such 
as adsorption and cation exchange inhibiting the transport rate of the contaminant, and it 
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is greater than 1 if the contaminant advection is less than groundwater linear velocity. If 
all reactions are assumed to be reversible and rapid compared to groundwater flow, and 
the distribution coefficient is linear, the following equation can be used to determine R: 
! = 1 +
%&' (
) *
 Equation 1 
Where: 
+, = dry bulk density (Msoil /L3total) 
Kd = distribution coefficient (L3aqueous/Msoil),  
ne = effective porosity (dimensionless). 
This form of the equation neglects mineral precipitation and dissolution, acid-base 
chemistry, biodegradation, and other geochemical mechanisms. 
Studying and quantifying competitive Cs sorption in SRS sediments will lead to 
more accurate predictions of Cs transport, which will aid in its remediation at 
contaminated sites. 
Hydrogeology and Geochemistry At SRS 
The composition of geologic materials affects the transport of environmental 
contaminants. The sediments at SRS are primarily composed of quartz, which is 
generally non-reactive with contaminants (Denham et al, 1999). Although, quartz grains 
are often coated with pore-lining and pore-filling cements such as hematite and goethite, 
which can have a high affinity for contaminants (Denham et al, 1999). Feldspars and 
phyllosilicates tend to be more reactive to contaminants than quartz, and they are also 
significant constituents at SRS (Denham et al, 1999). Kaolinite is the dominant clay 
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mineral at the site, particularly at or near the surface in the unconfined Upper Three Runs 
Aquifer (Denham et al, 1999). Montmorillonite is more abundant in the deeper, confined 
aquifers (Denham et al, 1999). Illite occurs as a minor constituent in surface soils, but it 
could be providing a high affinity, low capacity binding site for Cs (Denham et al, 1999). 
There are also non-silicate minerals at the site, which include calcite, pyrite, marcasite, 
gypsum, barite, goethite, and hematite, which are not thought to have a high affinity for 
Cs (Denham et al, 1999). Phosphate minerals, such as apatite, do not occur in high 
concentrations at SRS, but they can be influential to the migration of certain 
contaminants (Denham et al, 1999). Many radionuclides, such as uranium and thorium, 
tend to form large complexes in the presence of phosphate (Denham et al, 1999). 
Sufficient phosphate concentrations in pore water can facilitate the formation of 
contaminant complexes and subsequent precipitation of  immobile mineral phases.  
The soil used in this study was from the West Borrow Pit, and the soil properties 
are described in the following table. 
 
Table 1. Properties of West Borrow Pit Soil (Montgomery et al, 2017). 
Property Measurement 
Surface Area 14.1 m2/g 
pH (50/50 soil/water) 4.76 
Point of zero charge 4.9 
Sand/Silt/Clay (%) 66/14/20 
Organic Matter 0.90% 
CEC 3.3 meq/100 g 
Acidity 2.4 meq/100 g 
CBD extractable Fe 6.01 +/- 0.68 mg/g 
CBD extractable Al 1.98 +/- 0.20 mg/g 
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The point of zero charged is 4.9, therefore solution pH for experiments was held 
at pH 5. The soil is a sandy loam, meaning that it is primarily composed of sand with 
appreciable amounts of clay and silt. The clay and silt fraction is 0.34. Greater than 95% 
of the clays at SRS are kaolinite, and the remaining clay content is composed of a 2:1 
clay, illite. 
Typical rainfall composition at SRS resembles that of seawater with elevated 
ionic strength (Denham et al, 1999). Microbial activity in the soil increases the 
bicarbonate content, and it can create reducing, anoxic conditions in the deeper, confined 
aquifers ((Denham et al, 1999). The main processes between the groundwater and coastal 
plain sediments are weathering of silicates, oxidation of sulfide minerals, and dissolution 
of limestones, and these processes also increase ionic strength (Denham et al, 1999). 
Total dissolved solids(TDS) ranges from 10 mg/L to 150-200 mg/L, and pH ranges from 
4.9 to 7.7 (Denham et al, 1999). Shallow samples collected from less than 60 m depth 
show elevated concentrations of tritium from decades of nuclear fuel production 
(Denham et al, 1999). It is evident that recharge water and groundwater at SRS contain 
significant concentrations of competing ions, and it is important to study their effect on 
Cs transport. 
The principal aquifers are, from oldest to youngest, McQueen Branch, which is 
the lowest permeable unit, Crouch Branch, Gordon, and Upper Three Runs, which is the 
unconfined surficial aquifer (Denham et al, 1999).  These hydrogeologic units are 
separated by clay beds, which serve as confining units (Denham et al, 1999). The changes 
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in groundwater quality with depth are illustrated in the following piper diagrams from 
each of the principal aquifers at SRS (Denham et al, 1999). 
 
Figure 1. Gordon Aquifer: Ca and CO3 dominated (Denham et al, 1999) 
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Figure 2. Crouch Branch Aquifer: Ca and CO3 dominated with more Mg, Na, K, and SO4  
than the Gordon (Denham et al, 1999) 
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Figure 3. McQueen Branch Aquifer: less Ca and CO3 dominated than shallower aquifers.  
K, Na, and Mg are the major ions in this aquifer. 
  
  11 
Calcium and carbonate dominate the water composition near the surface, and 
other cations and anions, such as potassium, magnesium, sodium, and sulfate become 
more concentrated with depth (Denham et al, 1999). CEC (CEC) in the major 
hydrogeologic units is illustrated. 
 
Figure 4. CEC of aquifers at SRS (Denham et al, 1999) 
 
The Upper Three Runs Aquifer is the only hydrogeologic unit of significant 
thickness in the northern part of the site, and sediments thin and pinch out near the fall 
line where regional recharge occurs (Denham et al, 1999). It tends to be more acidic in 
this region, and the water is not dominated by any chemical species (Denham et al, 1999). 
In the southern part of the site, all four aquifers are present (Denham et al, 1999). The 
tertiary Upper Three Runs aquifer is CaCO3 dominated due to interactions with numerous 
calcareous clay beds, which form low permeability Carolina bays throughout the region 
(Denham et al, 1999). The Cretaceous Crouch Branch and McQueen Branch aquifers are 
sulfate and bicarbonate dominated, and bicarbonate is thought to be a product of 
oxidation of organic material by microbes rather than dissolution of limestone (Denham 
et al, 1999). Iron is at relatively high concentrations north of the site near the fall line, and 
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this is attributed to iron reducing bacteria outcompeting sulfate reducing bacteria 
(Denham et al, 1999). 
Previous work on Cs sorption 
Studies that investigate Cs sorption to SRS sediments, to suspended particles, to 
frayed-edge sites (FES) on 2:1 clays, to multiple types of sorption sites on 2:1 clays 
saturated with different cations, to different kinds of clays present at SRS by themselves 
and in the presence of another clay mineral are described, and these previous work was 
used to develop a conceptual model for Cs sorption to 2:1 clays. 
Cs is a strong sorbent compared to other competing ions with similar chemical 
properties such as Rb, Ba, and K, and factors such as depth in soil, soil mineralogy, and 
relative age of soil affect the sorption process. A study was conducted by Zaunbrecher et 
al, 2015 to quantify long-term Cs and Rb sorption in SRS soil and also to characterize 
sorption based on depth in soil, soil mineralogy, and soil relative age. Laboratory sorption 
experiments were compared, which cannot be conducted over geologic time scales. 
Elemental mass fractions of Cs, Rb, Ba, and Sr were measured and normalized to upper 
continental crust (UCC) to quantify the preferential Cs sorption compared to other ions 
(Zaunbrecher et al, 2015). Cs was the only species measured in SRS soil at unity or above 
UCC, which indicates preferential Cs sorption over geologic time scales (Zaunbrecher et 
al, 2015). The elemental mass fractions of species in this study were found to be in the 
order: Cs > Rb > Ba > K, which also indicates strong Cs sorption with respect to other 
large cations (Zaunbrecher et al, 2015). This suggests that Cs preferentially adsorbs 
compared to ions of similar ionic radius but greater charge, such as Ba. It also 
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preferentially adsorbs over ions with similar charge but less ionic radius, such as Rb and 
K. XRD analyses of SRS soil was conducted (Zaunbrecher et al, 2015 ). The results did 
not indicate the presence of illite, and kaolinite along with hydroxy interlayered 
vermiculite were found to be the dominant clay minerals (Zaunbrecher et al, 2015). FES 
sites should account for less than 1% of CEC in SRS soils (Zaunbrecher et al, 2015). The 
CEC has been measured to be 3.3 meq/100 mL (Montgomery et al, 2015), therefore, the 
CEC for the FES can be estimated to be 0.033 meq/100 mL. The preferential sorption 
behavior of Cs was attributed to low hydration, which is quantified by a low hydration 
number (Zaunbrecher et al, 2015). Ions in the aqueous phase with relatively strong 
hydration have strong hydrogen bonds with waters of hydatrion compared to Cs 
(Zaunbrecher et al, 2015). The strong bonds with waters of hydration and these ions must 
be broken in order for the ions to adsorb to the solid. This causes them to not easily 
adsorb to FES compared to Cs. Cs and Rb are enriched with respect to K (Zaunbrecher et 
al, 2015). K has greater hydration energy than Cs due to smaller radius (Zaunbrecher et 
al, 2015). The soil has a greater retention for Cs and Rb than other species (Zaunbrecher 
et al, 2015). Again, this can be attributed to their large radius and subsequent low 
hydration energy. The clay enriched zones typically contain 2.1 times greater Cs than K 
and 1.6 times greater Rb than K (Zaunbrecher et al, 2015). Cs sorption is preferential to 
K sorption due to its larger radius and corresponding lower hydration energy 
(Zaunbrecher et al, 2015). This same principal explains the preferential Rb sorption with 
respect to K sorption. The aging process, which is defined by slow diffusion of Cs from 
the FES to the interlayer and a decrease in the rate of desorption with time, is suggested 
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by the Cs/Rb ratio in acid extracts in younger soils being much less than in older soils 
indicating preferential Cs sorption with time (Zaunbrecher et al, 2015). It was concluded 
that Cs desorption and escape from SRS and other similar soils is unlikely due to its 
strong adsorption behavior (Zaunbrecher et al, 2015). The results from this study suggest 
that Cs prefentially adsorbs compared to other potential competing ions. Sorption has a 
strong influence on Cs mobility, therefore, it must be accurately quantified and included 
in transport models.  
Composition of geologic materials through which Cs is transported affects its 
mobility. In SRS soil, the mineral composition of the clay fraction is an important 
geochemical parameter influencing Cs transport. Goto et al, 2014 studied the mineral 
composition of the clay fraction of SRS soil as well as the behavior of Cs sorption to 
different binding sites. This study examined exchange site blocking via silver thiourea, 
which a resin-forming organosulfur compound, sorption kinetics, and ability to extract 
sorbed 137Cs in order to demonstrate the presence of several types of exchange sites (Goto 
et al, 2014). This was achieved through collection of soil samples throughout SRS 
followed by measurement of clay fractions, determination of clay mineralogy via XRD, 
kinetic batch sorption experiments with and without silver thiourea, and sequential 
extraction (Goto et al, 2014). It was determined that the clay fraction, which is the 
fraction of particles less than 63 microns in diameter, is composed of kaolinite, hydroxy-
interlayered vermiculite (HIV), gibbsite, and occasional quartz (Goto et al, 2014). 
Smectite or vermiculite are also possibly present (Goto et al, 2014). Kaolinite was found 
to be the dominant clay mineral followed by HIV, and these combine to constitute from 
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20 – 45% of the clay fraction (Goto et al, 2014). Kinetic batch data shows rapid initial 
uptake of Cs by the soils with a decrease in uptake with time (Goto et al, 2014). This 
suggests that isotherms can accurately account for Cs sorption in transport modeling at 
earlier times, but as the rate of adsorption decreases with time, nonequilbrium sorption 
behavior must be implemented. Higher Cs concentrations adsorbed more rapidly and was 
complete earlier than with lower aqueous Cs concentrations (Goto et al, 2014). This 
suggests that isotherms can be used when aqueous Cs concentration is high, but as the 
concentration decreases nonequilibrium conditions exist. Sequential extraction data 
indicate little to non-existent extractability of native 133Cs, and recently added 137Cs is 
readily extractable (Goto et al, 2014). These observations can be explained by Cs aging. 
They conclude that HIV is a major constituent of weathered soils in the southeast U.S., 
the amount of Cs sorbed is directly proportional to the HIV, or 2:1 clay content, younger 
soils have less Cs content due to less time for Cs adsorption, Cs adsorption is much more 
rapid and complete at lower Cs concentrations indicating a highly selective site, HIV 
grains have abundant, less Cs-selective sites with less abundant Cs-selective sites, 
recently introduced Cs is more easily removed than permanently interlayer adsorbed 
native Cs, and kaolinite has low CEC and does not contain highly selective sites (Goto et 
al, 2014). It is inferred from this study that two-binding-site model can be used to 
conceptualize Cs sorption to SRS geologic materials, and equilibrium models may be 
sufficient at earlier times and lower Cs concentrations.  
The extent of Cs sorption is affected by the quantity and speciation of competing 
ions. While this thesis focuses on Cs transport at SRS, studying its transport in other Cs 
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contaminated sites can provide information that is applicable to the contamination at 
SRS. Onodera et al, 2017 were concerned with migration of contaminants from 
Fukushima, Japan by becoming adsorbed to mobile particles and the effect of competing 
ions on sorption. A large amount of Cs is transported from Fukushima to the ocean by 
streams (Onodera et al, 2017). Cs tends to adsorb to particulate clays as inner-sphere 
complexes, meaning that Cs has completely shed waters of hydration and is directly 
adsorbed to the solid, and it can be present in streams as aqueous species as well as 
preferentially adsorbed to clay particulates suspended in the stream (Onodera et al, 2017). 
Cs could discharge to streams in the aqueous phase and then be adsorbed to suspended 
clay particulates, or it can infiltrate and become adsorbed to clay-rich soil that is later 
eroded by the stream and transported as suspended particles (Onodera et al, 2017). The 
Cs sorption and desorption behavior was examined with two different kinds of 
particulates (Onodera et al, 2017). One sample containing 0.81 g/kg TDS was collected 
60 km north of Fukushima. Another sample containing 0.91 g/kg TDS was collected 40 
km south of Fukushima (Onodera et al, 2017). Both samples were collected the day after 
a typhoon so that there was increased turbidity, which causes a greater concentration of 
particulate in solution (Onodera et al, 2017). XRD was used to determine the mineral 
composition of the particles. The samples were used in batch sorption experiments in 
polypropylene centrifuges (Onodera et al, 2017). Different solutions were used, which 
included: natural seawater, artificial seawater, 1 M NaCl, 470 mM NaCl, 1 M KCl, 1 M 
NH4Cl, 1 M CsCl, and pure water (Onodera et al, 2017). Sorption experiments showed 
that the NaCl solution allowed for the least adsorption of Cs to the particles (Onodera et 
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al, 2017). This suggests that Na provides the most competition with Cs for binding sites 
among the monovalent cations used in this study. They observed 65% sorbed in 20 
minutes and 95% sorbed in 3 days in the Cs desorption experiments (Onodera et al, 
2017). This suggests the rate of Cs adsorption decreases with time. Their interpretation of 
the data is that there are at least 2 different types of adsorption sites on the particles, 
which are clay minerals (Onodera et al, 2017). Plotting the data on a logC vs logKd plot 
is linear, which they interpret as evidence of multiple sorption sites with different 
affinities (Onodera et al, 2017). Strong sites are occupied first, then weaker sites are 
occupied more slowly as aqueous Cs concentration increases (Onodera et al, 2017). 
 
Table 2. Desorption ratios for sample 1. 
Solution Ratio (%) 
1 M NaCl 80 
470 mM NaCl 65 
1 M KCl 30 
natural and artificial seawater 30 
1 M NH4Cl 20 
1 M CsCl 15 
pure water 1 
 
Table 3. Desorption ratios for sample 2. 
Solution Ratio 
1 M NaCl 80 
1 M KCl 35 
natural and artificial seawater 30 
1 M NH4Cl 25 
1 M CsCl 10 
pure water 1 
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It was concluded from the data that if cation exchange were the only mechanism 
of Cs desorption then all the solutions would be effective desorbents because they have 
very similar ionic radius as the 137Cs sorbed to the particles (Onodera et al, 2017). NaCl 
was the most effective desorbing agent even though its ionic radius is only 102 pm, 
which is smaller than Cs (Onodera et al, 2017). It was concluded that the mechanism of 
Cs desorption is strongly influenced by the structure of the clays (Onodera et al, 2017). 
Dehydrated Cs can form inner sphere complexes while hydrated Cs can only form outer 
sphere complexes (Onodera et al, 2017). This indicates that dehydrated Cs can adsorb to 
the FES and slowly move into the interlayer to displace other cations (Onodera et al, 
2017)  
Na, while having a similar ionic radius to Cs, has a much higher hydration 
number of 3.0 (Onodera et al, 2017). Cs has a lower hydration number of 0.9 (Onodera et 
al, 2017). Therefore, Na tends to be present with hydration spheres, and its hydrated 
radius is much larger than Cs, which tends to be present as a dehydrated ion (Onodera et 
al, 2017). Na keeps its sphere of hydration on the FES causing interlayer expansion 
(Onodera et al, 2017). If there is a high Na concentration on the FES before added Cs, the 
interlayer spacing will be very high compared to the radius of Cs, and Cs will adsorb to 
the interlayer easily (Onodera et al, 2017). If Cs is in the interlayer and a high Na 
concentration is added, the hydrated Na increases the interlayer spacing and destroys the 
Cs site (Onodera et al, 2017). This is an explanation for the strong Cs desorbent behavior 
of NaCl . 
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Onodera et al, 2017 investigation of different solid-liquid ratios during adsorption 
on the desorption percentage concluded that the percent Cs desorbed decreases as the 
solid-liquid ratio increases because there are more particles in solution with more high 
affinity sites for Cs to adsorb (Onodera et al, 2017). This makes it more difficult to 
remove Cs from the particles, and, in a saturated subsurface environment, Cs will be 
increasingly difficult to remove.  
It was also concluded that high potassium (K) concentration has a strong effect on 
Cs desorption (Onodera et al, 2017). K can migrate into the interlayer of clays at high 
concentrations (Onodera et al, 2017). K has a low hydration number and similar ionic 
radius to Cs (Onodera et al, 2017). When K adsorbs to the interlayer it decreases the 
interlayer spacing, and increasing the K concentration in the interlayer also partially 
changes the clay mineral to illite, which is a non-swelling clay (Onodera et al, 2017). 
Therefore, any Cs that is already in the interlayer when a high K concentration is 
introduced would become trapped in the interlayer and not desorb easily (Onodera et al, 
2017). It is reasonable to conclude high Cs loading could also result in interlayer 
collapse, which would be observed as irreversible sorption. 
Cs preferentially, and possibly irreversibly, adsorbs to 2:1 clays, such as illite, 
instead of 1:1 clays, such as kaolinite, and this can be attributed to the clay structure. In 
addition to Cs subsurface disposition at uranium enrichment facilities such as SRS, Cs 
can diffuse into the atmosphere (Lee et al, 2017). It falls to the surface in rainwater where 
80% adsorbs to soil and 20% remains mobile in the aqueous phase (Lee et al, 2017). Cs 
can adsorb to some clays reversibly, but it has been suggested that it is irreversibly 
  20 
adsorbs to illite, which is a 2:1 non-swelling clay mineral that forms from the weathering 
of biotite (Lee et al, 2017). It has a surface area of 13 m2/g, a CEC of 141.8 meq/kg, and 
a D-spacing of 9.3 Angstroms, which is a measure of the interlayer spacing. Lee et al, 
2017 studied Cs sorption to the FES on illite in order to investigate the irreversibility of 
sorption to the high-affinity, low-capacity site. It was determined that the mass fraction of 
the FES on illite was 0.25 mol/kg (Lee et al, 2017). Three different geologic materials 
were investigated: illite, hydrobiotite, which is vermiculate with inclusions of biotite, and 
montmorillonite with 133CsCl (Lee et al, 2017). Vermiculite and montmorillonite were 
used for comparison to illite because they are also 2:1 clays, but they are expandable (Lee 
et al, 2017). Montmorillonite has a lower radiocesium interception potential, even though 
the CEC is higher, because it does not have a FES (Lee et al, 2017). Their results show 
that Cs adsorbs more strongly to and is not easily desorbed from illite compared to the 
other clays (Lee et al, 2017). Cs has a greater charge density than other cations with 
hydrated radii of similar size and other monovalent ions in general (Lee et al, 2017). K is 
covalently bonded on the interlayer of the lattice in illite, therefore, it does not swell like 
other clays because K decreases the interlayer spacing (Lee et al, 2017). K has a hydrated 
ionic radius of 0.331 nm, which is almost identical to the hydrated ion radius of Cs, 0.329 
nm (Lee et al, 2017). Illite can form a FES outside the interlayer when the clay becomes 
saturated, and this is the high affinity irreversible Cs sorption site (Lee et al, 2017). Other 
cations, such as calcium (Ca), inhibit Cs sorption to the FES site, but Cs that does adsorb 
to the FES can still diffuse to the interlayer because Ca is too large to diffuse to the site 
(Lee et al, 2017). Due to these properties, it is suggested that Cs adsorbs strongly to illite, 
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and it does not desorb easily even in the presence of competing ions (Lee et al, 2017). 
This geochemical process is illustrated. 
 
Figure 5. Conceptual model of FES (Lee at al, 2017). 
 
Various clay minerals compose up to 20% of the subsurface at SRS (Montgomery 
et al, 2017), and the sorption behavior of Cs is affected by the type and abundance of 
clays in the geologic materials. The effect of Cs sorption in the presence of one clay 
mineral as well as two different clay minerals in solution was investigated by Durant et 
al, 2018. Binary sorption experiments were prepared with 5 mM NaCl, 0.7 mM NaHCO3 
solution with pH 8 and 10-3 – 10-11 M Cs (Durant et al, 2018). This was also the 
concentration of illite, montmorillonite, and kaolinite used (Durant et al, 2018). After the 
binary sorption experiments, batch desorption experiments were conducted for 14 days 
(Durant et al, 2018). FIT4FD was used to model the data, and the results were used to 
predict sorption behavior (Durant et al, 2018). Kaolinite and montmorillonite had linear 
sorption (Durant et al, 2018). Illite did not show linear sorption, and it was observed that 
sorption to illite was irreversible at all concentrations while sorption to other clays were 
reversible (Durant et al, 2018). A dialysis membrane was used to investigate the effect of 
a second mineral on Cs desorption from the original mineral (Durant et al, 2018). It was 
concluded that Cs has a high affinity for illite, moderate affinity for montmorillonite, and 
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low affinity for kaolinite (Durant et al, 2018). It was inferred from results that, at less 
than 10-7 M Cs, illite will adsorb more Cs than montmorillonite by mass (Durant et al, 
2018). It was observed that sorption is reversible in montmorillonite, but it has been 
reported by other workers that adsorption can be irreversible if cations are added before 
desorption (Durant et al, 2018). It was observed that high Cs affinity sites are saturated 
around 5*10-9 M (Durant et al, 2018). Montmorillonite is linear across the whole 
concentration range because there is only one type of sorption site (Durant et al, 2018). 
Kaolinite is linear until concentration exceeds 10-5 M (Durant et al, 2018). There are 1 
and 2-site models for kaolinite, and the 2-site model assumes that there are trace amounts 
of interstratified illite as well as other clay minerals in kaolinite that contain higher 
affinity, lower capacity Cs sorption sites (Durant et al, 2018). The 1-site model assumes 
there is 1 planar, low affinity, high capacity site (Durant et al, 2018). Kd decreases in all 
samples at 10-5 M Cs, but they attribute this to all sorption sites being filled (Durant et al, 
2018). It was also observed that Kd for illite is 2 orders of magnitude greater than 
montmorillonite or kaolinite (Durant et al, 2018).  
Their model predicts the behavior well below 10-5 M Cs, but it doesn’t account 
for the decrease in aqueous Cs above this point (Durant et al, 2018). This suggests a non-
reversible sorption site at high concentrations (Durant et al, 2018). High concentrations of 
Cs may cause interlayer collapse and make Cs sorption irreversible (Durant et al, 2018). 
It was concluded that Cs has lower affinity for kaolinite than for montmorillonite causing 
it to desorb from kaolinite more quickly (Durant et al, 2018). They also conclude that Cs 
will eventually desorb from montmorillonite and kaolinite in the presence of competing 
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ions (Durant et al, 2018). More Cs desorbs when there is another clay mineral present 
(Durant et al, 2018). Desorption from illite is kinetically controlled and non-linear, and 
desorption from kaolinite and montmorillonite is linear (Durant et al, 2018). Illite is a 
high Cs-affinity constituent of the clay fraction at SRS (Looney et al, 1990), and it can be 
inferred from the conclusions on Cs sorption behavior to this clay mineral from this study 
that nonequilibrium models that utilize a nonlinear distribution coefficient are needed to 
predict Cs transport at SRS 
Variations in soil pH can affect the Cs-affinity of clay minerals. SRS soil pH has 
been measured to be approximately 5 (Montgomery et al, 2017), but soil pH can vary. 
Giannakopoulou et al, 2007 conducted Cs sorption experiments with 4 different soils 
over a range of pH values using a batch method. A description of the soils used in this 
study is shown. 
 
Table 4. Characteristics of 4 soils used in the experiment (Giannakopoulou et al, 2007). 
 Soil 1 Soil 2 Soil 3 Soil 4 
Particle Size Analysis (g/kg) 
    
Clay particle size (%) 14 35 45 12 
Silt particle size (%) 24 31 20 40 
Sand particle size (%) 62 34 35 48 
Texture particle size (%) SL CL C L 
pH (1:1) (s/w) 5.6 6.5 7.2 7.8 
Organic Matter (%) 1.14 3.97 2.32 1.61 
C.E.C (molc/kg) 9 20 28 12 
Exchangeable K (molc/kg) 0.19 0.59 0.54 0.19 
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Mixtures of solids and solution were shaken for 16 hours and then immediately 
centrifuged (Giannakopoulou et al, 2007). The amount of Cs sorbed was determined 
using similar methods described in other studies, and the Kd for each soil was determined 
(Giannakopoulou et al, 2007). Kd of the different soils over a range of pH values is 
shown. 
 
Figure 6. Kd for soils 1-4 over the pH range (Giannakopoulou et al, 2007). 
 
The Cs sorption affinity of the different soils from greatest to least is: 3, 2, 4, 1, 
which follows the order of decreasing CEC in the soils (Giannakopoulou et al, 2007). It 
was observed that CEC of soil increases with increasing clay content, which is consistent 
with other studies (Giannakopoulou et al, 2007). Soil 3 was a clay soil with the highest 
CEC, and soil 1, which had the lowest Kd, was a sandy loam with the lowest CEC 
(Giannakopoulou et al, 2007). It was concluded that CEC and particle size distribution 
have a strong influence on Kd (Giannakopoulou et al, 2007) . At low pH, Kd was lower for 
all soils because of the competition with H+ for sorption sites, and H+ can also remove Cs 
that is fixed at the lattice edge of clay minerals (Giannakopoulou et al, 2007). There is 
also dissolution of clays at low pH, which reduces the number of available Cs sites. Kd 
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decreases towards pH 10 because Cs forms large complexes with OH- and CO32- that 
cannot adsorb easily to sorption sites because of the large radius (Giannakopoulou et al, 
2007). While pH is an important factor affecting Cs mobility, it is necessary to control 
this parameter in order to study the effects of other geochemical processes on Cs 
transport. It can be inferred from the results of this study that the Kd of high CEC clay 
minerals is at a maximum value with respect to lower CEC clay minerals at pH 5, which 
is ideal for studying Cs sorption to high Cs-affinity 2:1 clay minerals, such as illite. 
Based on the literature review, it is apparent that 2:1 compose a small fraction of 
the clay content in SRS soil, but due to the high Cs-affinity of these minerals Cs 
exclusively adsorbs to them rather than kaolinite, which composes the majority of the 
clay content. There are two types of binding sites on 2:1 clays, a higher-capacity, lower-
affinity FES site, and a lower-capacity higher-affinity interlayer site. Cs desorption from 
2:1 clays is slow and possibly irreversible. This conceptual model is used to develop a 
non-equilibrium transport model.  
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Chapter II. PROJECT OVERVIEW 
 
 
Several long-lived radioisotopes of cesium, such as 135Cs and 137Cs are produced 
as byproducts of the fuel and targets of production reactors at SRS, and the radioactive 
isotope of particular interest for hydrogeologic and geochemical studies is 137Cs due to a 
30 year half-life, high fission yield, high solubility, high transferability, wide distribution, 
and rapid assimilation by living organisms. Due to the environmental releases and 
adverse health effects from Cs exposure, it is important to characterize Cs sorption to 
soils and sediments, which is a major factor in transport in the environment. Cs mobility 
is controlled by sorption to geologic materials, and sorption may be a rate-limiting 
process controlling Cs migration in the environment. If the sorption rate is fast compared 
to the transport rate, relatively simple equilibrium based sorption models will be 
appropriate. If sorption is slow or involved with dynamic, competitive processes, then 
sorption/desorption rates should be utilized in transport models to simulate movement of 
Cs through the environment. The objective of this research was to determine if Cs 
sorption rates must be utilized to model the transport,, and if so, to determine rate 
constants that govern the rates of adsorption and desorption, or if implementation of 
isotherms in transport models is sufficient.  
This project examined geochemical processes affecting transport of 137Cs in SRS 
soil with a focus on competitive sorption kinetics and binding site characterization in 
order to predict Cs transport under non-equilibrium conditions, which occur over long-
term transport in natural systems. The effects of Cs aging on binding sites, which causes 
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the rate of desorption to decrease overtime, were also investigated. Saturated column Cs 
breakthrough experiments with competitive and noncompetitive tracers were conducted, 
and the data from these experiments were modeled using advective-diffusive solute 
transport equations to determine longitudinal dispersion and distribution coefficients for 
Cs in the presence of different concentrations of a competing ion, Na. Finite Element 
modeling studies in COMSOL Multiphysics were also conducted in order to estimate 
forward and reverse rate constants for Cs sorption and desorption, respectively. 
Volumetric flow rate, pH, soil density, Na and Cs influent concentration, soil mass, and 
porosity were maintained at constant values in all experiments in order to isolate the 
effect of ion competition on sorption. While 137Cs is the isotope of interest due to the 
stochastic risk to exposed individuals down the flow path from SRS, Stable 133Cs was 
used as the primary Cs isotope rather than 137Cs because the geochemical properties of 
these isotopes are identical (Carlton et al, 1992). Therefore, the fate and transport of 
radioactive Cs can be tested with safety and practicality using stable Cs. One pore 
volume of 137Cs was used as a radioactive nonconservative tracer in order to study Cs 
sorption to the high affinity, low capacity interlayer site. One pore volume of tritium was 
used as a radioactive conservative tracer to study the diffusivity of the soil. 
The following hypotheses have been developed based on information in the 
literature review on Cs sorption to clay minerals as well as hydrogeology and 
geochemistry at SRS. These hypotheses are evaluated through a series of experiments, 
laboratory analyses, and transport modeling studies. 
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Research Hypotheses 
The following will occur during tests where Cs-bearing solution is introduced into 
a column containing SRS soil. 
1. Greater aqueous concentration of a competing ion will cause more rapid cesium 
breakthrough in a column containing SRS soil. 
2. The distribution coefficient will be greater in when the competing ion 
concentration is less. 
3. SRS soil contains high affinity, low capacity as well as a low affinity, high 
capacity cesium adsorption sites on clays. 
4. Aqueous Cs concentration in the effluent will increase while flow is occurring, 
and it will decrease over time during periods of stop-flow. 
5. The forward rate constant that characterizes Cs adsorption, is greater than the 
reverse rate constant. 
Research Objectives 
As discussed above, previous studies have examined Cs sorption to various clay 
minerals in the presence of multiple competing ions at different concentrations. 
Conceptual models have been developed from these studies to explain observed data. In 
this work, we will examine a kaolinite dominated soil with a relatively small, but 
influential 2:1 clay fraction containing frayed-edge sites and interlayer sites. This soil 
allows for the examination of Cs sorption to Cs-selective sites and investigation of 
multiple binding sites contained in 2:1 clays. The following research objectives will 
examine this process.  
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1. Demonstrate the effect of competing ion concentration on Cs mobility. 
2. Determine the reversibility of Cs adsorption from the FES and the interlayer. 
3. Characterize transport of Cs sorbed to high-affinity low-capacity interlayer sites.  
4. Investigate whether Cs transport is characterized by equilibrium or non-
equilibrium conditions. 
5. Quantify the rates of Cs adsorption and desorption on frayed-edge sites and 
interlayer sites in 2:1 clays in SRS soil. 
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Chapter III. MATERIALS AND METHODS 
 
 
Saturated column breakthrough experiments were the primary method of data 
collection in this study, and several laboratory techniques were used to analyze the 
collected samples.  
Two saturated column experiments were conducted simultaneously, and the 
effluent was analyzed with a variety of laboratory techniques, which included, liquid 
scintillation counting (LSC), 1-D Cs gamma scans, and inductively coupled plasma mass 
spectrometry (ICP-MS). The synthesis of the experiments as well as laboratory 
techniques are described.  
Two identical columns with leak-proof caps and an inner diameter of 3.7 cm were 
packed to a height of 10 cm of  SRS soil dried at 50°C for 24 hours. Soil mass was 
determined. 
-. = /01ℎ Equation 2 
+, =
(4 56 4 * )
85
 Equation 3 
Where: 
-.  = volume of soil (L3) 
π	= pi = 3.14159… 
r = inner radius of the column (M) 
h = height of the column (M) 
+,  = dry bulk density of soil (Msoil/L3total) 
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Ms = mass of column with soil and all components 
Me = mass of column with all components and no soil 
Effective porosity was determined. 
; < =
4 5=>6 4 (? @
4 5=>
 Equation 4 
Where: 
ne = effective porosity 
Msat = mass of column with saturated soil 
Mdry = mass of column with dry soil 
Pore volume was determined. 
-A = -. ∗ ; < Equation 5 
Where: 
Vp = pore volume 
All influent solutions were pumped vertically upward through both columns in 
order to achieve complete saturation using a Masterflex easy-load II peristaltic pump. 
The measured velocities, flow rates, soil masses, dry bulk densities, pore volumes, and 
porosity for each column are shown in Tables 5 and 6. A conceptual model of the 
columns is shown in Figure 7. 
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Table 5. Measured Parameters for the 100 mM NaCl column. 
Parameter Value Unit 
Influent Cs concentration 133.02 ug/L 
soilmass 142.06 g 
dry bulk density 1.24604 g/cm^3 
radius 1.85 cm 
Length 10 cm 
cross-sectional area 11.40092 cm^2 
volume 114.0092 cm^3 
volumetric flow rate 2.233117 cm^3/min 
linear velocity 0.195872 cm/min 
porosity 0.458 dimensionless 
pore volume 54.68 cm^3 
 
Table 6. Measured Parameters for the 10 mM column. 
Parameter Value Units 
Influent Cs concentration 132.97 ug/L 
soilmass 142.07 g 
dry bulk density 1.246128 kg/L 
radius 1.85 cm 
Length 10 cm 
cross-sectional area 11.40092 cm^2 
volume 114.0092 cm^3 
volumetric flow rate 2.048344 cm^3/min 
Linear velocity 0.179665 cm/min 
porosity 0.446 dimensionless 
pore volume 53.35 cm^3 
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Figure 7. Schematic of column design. 
 
To avoid Cs complexation and given the reported point-of-zero-charge for west 
borrow pit soil (Montgomery et al, 2015), the pH of all solutions was adjusted to 5 by 
adding small amounts of NaOH and HCl to the prepared influent solutions and the use of 
a Thermo Scientific Orion 9172BNWP pH probe. Ten pore volumes of 100 mM NaCl 
solution were pumped through both columns in order to desorb and remove any other 
competing ions, such as magnesium, calcium, and potassium, from binding sites and 
occupy all sites with sodium. The high aqueous concentration of Na displaces other 
competing ions from adsorption sites, and these ions are transported out of the column in 
the effluent. After 10 pore volumes of NaCl washing, one column, which had a constant 
influent concentration of 100 mM NaCl and 10-6 M 133Cs during the experiment, did not 
require any additional NaCl washing. The second column, which had a constant influent 
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concentration of 10 mM NaCl and 10-6 M 133Cs during the experiment, was pumped with 
an additional 10 pore volumes of 10 mM NaCl solution in order to lower the aqueous 
NaCl concentration for the experiment after desorption of other cations. 
After Na washing, 1.5 mL of 1.5 µCi/100 mL 137Cs was mixed with pure 1 pore 
volume solutions and introduced to both columns. According to Montgomery et al, 2017, 
adding this small quantity of 137Cs to the column before any 133Cs is introduced allows it 
to adsorb to high affinity, low capacity interlayer rather than the lower affinity, higher 
capacity FES sites, and the slow transport of strongly bound Cs can be studied with 
periodic 1D gamma scans between column flow experiments. 1D gamma scans of each 
column were conducted using a collimator spacing of 0.63 mm, and measurements were 
taken every 0.4167 cm for a count time of 3 hours per measurement after all pumping 
experiments were completed in order to observe strongly bound Cs transport in the 
columns. This increment was used so that column volumes are not overlapped among 
different measurements. The integrated counts over the span of the Cs peak as a function 
of distance were plotted. 
The method of determining detector efficiency in order to convert the measured 
counts to activity is described here. A solution containing 137Cs was prepared, and three 
0.1 mL LSC samples were taken from this solution to measure the activity, which is used 
in the efficiency calculation. The measured count rates of the LSC samples are included 
in Appendix C. The measured LSC count rates were converted to count rates per volume 
using the following equation. 
CDE; F	0GFH= I< J . KL<M	NOK) P.
.O QKPRO) 	SOQKI <  Equation 6 
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The solution was placed in the sample holding apparatus in front of the detector. 
The collimated detector was used to count the sample for 300 seconds with a collimator 
spacing of 2.50 mm, 300 seconds with a collimator spacing of 1.25 mm, 600 seconds 
with a collimator spacing of 0.65 mm, 600 seconds with a collimator spacing of 0.63 mm, 
1200 seconds with a collimator spacing of 0.46 mm, and 1800 seconds for a background 
activity measurement. The count time was increased with decreasing collimator spacing 
because the detected counts decrease with smaller collimator spacing. The measured 
counts were plotted as a function of channel and divided by the respective count times in 
order to determine count rates. The count rates were integrated over the Cs peak, which 
corresponds to the counts as a function of channel 290 to channel 405 in this system. The 
integrated count rates were subtracted from the integrated background count rates. The 
measured count rates are included in Appendix C.  
The following equation is used to determine the b length used to calculate detector 
efficiency, and the subsequent figure shows the location of the parameters used in the 
equation. 
T = UV1 +
1(WX6 WY)
WY
Z Equation 7 
 (Erdmann et al, 2017) 
Where: 
U = the collimator spacing 
L3 = the distance from the center of the column to the collimator face 
L1 = the distance from the collimator face to the detector 
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Figure 8. Detector geometry with parameters used in Equation 8 (Erdman et al, 2017) 
The calculated b lengths were used in the following equation to determine the 
volume of the column within the view of the detector. 
Ā = ĀĀ%∗ Ā Equation 8
The increments of measurement along the length of the column were determined 
using the b length such that volumes measured in the column do not overlap. 
Where: 
Ā	= 3.14159… 
r = column radius = 1.85 cm 
b = b length calculated using b= Ā=Ā*1 + %(. / 0 . 1)
. 1
3 Equation 7 
*1 +
%(4/ 0 41)
41
3 Equation 8 
The activity in each volume was determined by the following equation. 
Ā = Ā ∗
678 9:; <
=>
 Equation 9
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Where: 
A = activity for respective collimator spacings (decays/second) 
Ā"# $ %&'  = average counts per minute from LSC samples 
The detector efficiency was calculated using: 
Ā =
'
*
Equation 10
Where: 
E = detector efficiency (cps/dps) 
C = sum of background corrected integrated count rates from channel 290 to 
405 from detector measurements (cps) 
A = activity calculated using  Ā=Ā∗ ' ./0 12345  Equation 13 (dps) 
The efficiency was used to convert the measured count rates to activity. An 
activity balance based on the known activity injected into the column was conducted 
using the volume calculation in order to study interlayer desorption. 
𝑘𝑛ĀĀ Ā	Ā𝑐𝑡ĀĀĀĀĀ	ĀĀĀĀ𝑐𝑡ĀĀ = 	Ā𝑐𝑡ĀĀĀĀĀ	𝑟𝑒𝑡ĀĀĀ𝑒𝑑 − Ā𝑐𝑡ĀĀĀĀĀ	𝑟𝑒𝑚ĀĀ𝑒𝑑 
Equation 11 
The retained activity was calculated using the following equation. 
Ā𝑐𝑡ĀĀĀĀĀ	𝑟𝑒𝑡ĀĀĀ𝑒𝑑 = 	∫ Ā	𝑑𝑥I5 	JK5	JK  Equation 12
Where: 
x = length along flow path (cm)  
A = calculated activity at each detector position described previously (dps) 
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1 pore volume of 6600 cpm/mL 3H solutions was used as a noncompetitive 
radioactive tracer to determine the longitudinal dispersion coefficient, which is one of the 
coefficients of hydrodynamic dispersion, and it is the only dispersion coefficient needed 
in this 1-dimensional problem. It quantifies the spreading of the contaminant in the 
direction of flow due to different types of diffusion. After the addition of this pore 
volume to the columns an additional 4 pore volumes of background solution containing 
the respective NaCl concentrations for each column was pumped through both columns. 
The effluent was fraction collected, and 3H activity in fraction collections was measured 
in the effluent using a Perkin Elmer Tri-Carb 4910 TR Liquid Analyzer in order to obtain 
breakthrough curves. The measured activity was normalized to the total activity injected 
for estimating longitudinal dispersion using a finite-step advective-dispersive transport 
model, which simulates the release of tritium as a pulse of finite duration. 
Initial and Boundary Conditions 
C(0,t) = C0 
C(x,0) = 0 
dC/dx = 0 @ x = L 
Where: 
C0 = constant influent concentration (M/L3) 
x = length along flow path (m) 
dC/dx = concentration gradient (M/L4) 
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The advective-dispersive solute transport solutions used were obtained using 
Laplace transforms using these boundary conditions. 
d(s , F) =
ev
1w
[y (F) − ℎ(F− z )y (F− z )] Equation 13 
(van Genuchten and Alves, 1982) 
y (F) =
ev
w
[H0|C}~
6 KP
Ä ÅARÇ_ KP
É + HsÑV

Ç_
ZH0|C~
ÖKP
Ä ÅARÇ_ KP
ÉÜ Equation 14 
 (van Genuchten and Alves, 1982) 
y (F− z ) =
ev
w
[H0|C}~
6 K(P6 á )
Ä ÅARÇ_ K(P6 á )
É + HsÑV

Ç_
ZH0|C~
ÖK(P6 á )
Ä ÅARÇ_ ∗K(P6 á )
ÉÜ Equation 15 
(van Genuchten and Alves, 1982) 
Where: 
So= mass rate of Cs released (M/T) 
Q = volumetric flow rate (L3/T) 
u = velocity (L/T)
aL = longitudinal dispersion coefficient (L) 
x = position (L)(0.1 m at outlet) 
T = time of tritium injection (30 minutes) 
h = Heaviside function, which = 0 when time (t) is less than time of injection, T. 
This model was fit to the data using the least squares method to optimize 
goodness of fit. R-squared, which is a statistical measure that represents the proportion of 
the variance for a dependent variable that is explained by independent variables in a 
regression model, was maximized by estimating the longitudinal dispersion coefficient 
using the solver tool in Excel. 
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01 = 1 −
∑(IO M<Q	SJ QK<6 I< J . KL<M	SJ QK<)â
∑(IO M<Q	SJ QK<6 I< J ) 	I< J . KL<M	SJ QK<)â Equation 16 
The dispersivity for each column was determined using 
ä W=	aL*u Equation 17 
A 100 mM NaCl and 10-6 M 133Cs solution was pumped at a constant volumetric 
flow rate of 2.2 mL/min into one column, and a 10 mM NaCl and 10-6 M 133Cs was 
constantly pumped  at a volumetric flow rate of 1.9 mL/min into the other column using a 
Masterflex Easy-Load II peristaltic pump. There is an inherent variability in the volume 
of each fraction collected due to flexing in the tubing, slight temperature changes, and 
other factors that involve the mechanics of the fraction collectors. Effluent samples were 
fraction collected for 5 minutes per sample for each column to obtain approximately five 
data points per pore volume. 87.2 pore volumes were pumping into the 100 mM NaCl 
column and 82.1 pore volumes were pumped into the 10 mM NaCl column during Cs 
loading. The variation in pore volumes pumped is due to minor differences in flow rates. 
After Cs loading, a 1 M NaCl , pH 5 solution containing no Cs was pumped through both 
columns for the Cs desorption experiment. 36.2 pore volumes were pumped through the 
100 mM NaCl column, and 37.1 pore volumes were pumped through the 10 mM NaCl 
column. The experimental design is shown in figure 11.  
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Figure 9. Apparatus for column experiments including columns, pumps, 
fluid reservoirs, and fraction collectors.
Aqueous Cs concentrations in fraction collected samples were measured using a 
Thermo Electron Corporation X Series 2 inductively coupled plasma mass spectrometer 
(ICP-MS) in order to determine aqueous Cs breakthrough curves as a function of time, 
total volume of effluent, and pore volumes of effluent. The volumetric flow rate 
calculation is described. 
ã =
∑(4 >,å 6 4 >,* )
P*
 Equation 18 
Where: 
Q = volumetric flow rate (L3/T) 
Mt,f = mass of sample tube with solution 
Mt,e = mass of sample tube without solution 
te = total time of experiment 
∑ = summation mathematical operator 
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The fluxes were calculated using the following equation: 
ç =
w
)g
Equation 19 
Where: 
q = volumetric flux (L/T) 
n = effective porosity (dimensionless) 
Q = volumetric flow rate (L3/T) 
A = column cross-sectional area (L2) = π01 
The measured flow rates and calculated velocities for both columns are shown in Tables 
5 and 6.  
The 100 mM NaCl column was pumped with 87 pore volumes and the 10 mM 
column was pumped with 82 pore volumes with a 319 minute stop-flow period after 1032 
of flow and a 17 day stop-flow period after 2002 minutes of flow for the Cs adsorption 
experiments.  
The longitudinal dispersion coefficient estimated using the finite-step advective-
dispersive solute transport equation fit to the tritium breakthrough curve was used in the 
following semi-infinite step advective-dispersive solute transport model (van Genuchten 
and Alves, 1982): 
dJé (s , F) =
] è
1
[H0|C~
ê6 KP
Ä ÅJ _ Kê P
É + HsÑV

J _
Z H0|C((!s + EF)/Ä 4GWE! F) 
Equation 20
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Where: 
C0 = constant influent aqueous concentration (M/L3) 
and all other parameters are the same as previously defined 
This model was fit to the Cs breakthrough data by the least-squares parameter 
estimation technique described previously except the distribution coefficient was used to 
maximize r2 using the same method. 
Solid phase mass fraction (ug/kg) was calculated with the following equation: 
[≡ dî ] =
ï []. ]ñó6 []. ]*å å ò8
%ô
 Equation 21 
Where 
[≡ dî ] = sorbed Cs (MCs/Msoil) 
[dî ]R) = constant Cs influent concentration (M/L3) 
[dî ]<öö  = measured Cs effluent concentration (M/L3) 
+õ  = dry bulk density of soil (M/L3)
V = volume of effluent (L3) 
Sorbed Cs was plotted as a function of aqueous effluent Cs to study the nonlinearity of Kd 
(Figure 16). 
Total Cs sorbed in the columns after all Cs loading experiments was calculated 
and compared to the measured CEC (Montgomery et al, 2017) in order to characterize the 
2:1 clay fraction in SRS soil and Cs sorption to this geologic material. The total moles of 
Cs pumped into the columns was calculated. 
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dî R),P = dR) ∗ - á  Equation 22 
Where: 
Csin,t = moles of Cs injected into column (mol) 
Cin = constant Cs influent concentration (mol/L) 
VT = total volume of solution injected into column (L) 
The total of Cs collected in the effluent was calculated. 
dî OKP,P = 	∑ 	dOKP,. ∗ - OKP,.  Equation 23.1 
Where: 
Csout,t = total moles of Cs in effluent (mol) 
Cout,s = concentration in each effluent sample (mol/L) 
Vout,s = volume of each sample (L) 
The total moles of Cs sorbed was calculated. 
dî . ,P = dî R),P − dî OKP,P Equation 23.2 
Where 
Css,t = total moles sorbed in column (mol) 
Csin,t = total moles of Cs injected into column (mol) 
Csout,t = total moles of Cs in effluent (mol) 
The CEC was measured by Montgomery et al 2017 to be 3.3 meq/100 mL, which is 
equivalent to 3.3 mM/100 mL for monovalent Cs, and this value was used to determine 
the total sorption capacity of the soil in moles. 
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df dIO Q,P = df d ú* ù
Yèè ú_
∗ û .O RQ∗ 106 †  Equation 24
Where 
CECmol,t = total CEC of SRS soil (mol) 
CEC meq/100mL= measured CEC (meq/100mL) 
Msoil = mass of soil (g) (Table 1) 
Silt and clay composes 34% of SRS soil (Montgomery et al, 2017). The silt and clay 
fraction accounts for all of the CEC capacity of the soil. 95% of the silt clay fraction is 
kaolinite leaving 5% of the silt and clay fraction composed of 2:1 clays. Cs only sorbs to 
2:1 clays, therefore the Cs CEC for SRS soil can be calculated.  
df d]. = df dIO Q,P ∗ °. ,N ∗ ° 1:t ,N Equation 25
Where 
CECCs = total CEC for Cs (mol) 
CECmol,t = total CEC of SRS soil (mol) 
Fs,c = silt and clay fraction (dimensionless) (Montgomery et al, 2017) 
F2:1,c = 2:1 clay fraction in silt and clay fraction (dimensionless) 
The total CEC for Cs was compared to the total moles of Cs sorbed to investigate Cs 
sorption to 2:1 clays. 
Stop-flow experiments were conducted in which the peristaltic pump was shut off, 
and the elapsed time was recorded. The inlets and outlets were sealed during stop-flow 
periods using shut off valves on the inlets and outlets of the columns in order to maintain 
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volume and pressure. Two simultaneous stop-flow periods were conducted on both 
columns. The first stop-flow was after 1032 minutes of pumping and lasted for 5 hours 21 
minutes. The second stop-flow was after 2002 minutes of pumping and lasted for 17 
days. Aqueous Cs concentration was measured as previously described, and the 
concentrations before and after the stop-flow are compared in order to study sorption 
kinetics and the effects of aging during and after a stop-flow period.  After the second 
stop-flow the columns were pumped for an additional 240 minutes using the same 
solutions described previously.  
Non-equilibrium Numerical Transport Modeling 
Objective 
The goal of this modeling study was to estimate the fitting parameters in the 
Freundlich and Langmuir isotherms as well as the forward and reverse rate constants for 
cesium adsorption and desorption, respectively, during transport and stop-flow in the 
presence of different competing ion concentrations in SRS soil. Another objective was to 
study the effect other parameters, such as dispersivity, velocity, CEC, and influent 
aqueous Na concentration have on Cs transport.  
Model Description 
1-dimensional, transient models that utilize transport of dilute species physics
were developed. One model will simulate a competing ion concentration of 100 mM 
NaCl and a cesium concentration of 10-6 M, and the other model will simulate a 
competing ion concentration of 10 mM NaCl and the same cesium concentration as the 
first model.  
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Boundary and Initial Conditions 
[dî ](0, F) = 1 ∗ 106 bû 	in both columns  (influent Cs concentration) 
[dî ](s , 0) = 1 ∗ 106 bû in both columns (initial Cs concentration) 
[≡ Cs1](x, 0) = 0	û  in both columns  (initial site 1 sorbed Cs concentration in column) 
[≡ Cs2](x, 0) = 0	û  in both columns (initial site 2 sorbed Cs concentration in column) 
[ßG](0, F) = 0.01	û  in the 10 mM NaCl column  (influent Na concentration) 
[ßG](s , 0) = 0.01	û in the 10 mM NaCl column (initial Na concentration in column) 
[ßG](0, F) = 0.1	û 	in the 100 mM NaCl column (influent Na concentration) 
[ßG](s , 0) = 0.1	û  in the 100 mM NaCl column (initial Na concentration in column) 
ä©d = E©C (inlet and outlet velocity boundary conditions in both columns) 
Governing equation 
™Nñ
™P
+ ©∙ ä W©CR+ E©CR = ! R Equation 26 
Where: 
©∙ = divergence (1/m) 
ä  = dispersivity (m2/s) 
∇ = gradient (1/m) 
CR= concentration (mol/L) 
E©CR= the advective flux (m/s) multiplied by the gradient (1/m) of the 
concentration of a species of interest (mol/L) 
 48 
™Nñ
™P
 = the rate of change of storage (mol/L) of a species of interest with respect to 
change in time. 
Ri = source from reactions (mol/(L*s)) 
This term is described in more detail in the following description. 
The conceptual model for Cs sorption to two types of binding sites on 2:1 clays in 
SRS soil is described. 
Figure 10. Conceptual model for Cs sorption to binding sites (Barber et al, 2017)
The sorption reactions are as follows: 
[≡ ßG] + [dî ] = [	≡ dî 1] + [ßG] Equation 27 
[≡ dî 1] = [	≡ dî 2] Equation 28
Where: 
[≡ dî t 	]= sorbed Cs concentration on site 1 (mol/Lsolution) 
[≡ dî 1	]= sorbed Cs concentration on site 2 (mol/Lsolution) 
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[Cs] = aqueous Cs concentration (mol/Lsolution) 
[≡ ßG] = sorbed Na concentration (mol/Lsolution), 
[Na] = aqueous Na concentration (mol/Lsolution) 
[≡ ßG], which was calculated using conservation of mass: 
[≡ ßG] = df d − [≡ dî 1] − [≡ dî 2 Equation 29 
Where: 
CEC = CEC (mol/L), which has been measured to be 9.68 *10-2 mol/L. Converted 
using bulk density and porosity. (Montgomery et al, 2017). 
*It is assumed that Na only sorbs to site 1.
The equilibrium constant and ion activity product for these sorption reactions are defined: 
K1 = equilibrium constant for site 1 =  
≠å Y
≠? Y
= 
[]. ]*ù [≡ÆJ ]*ù _
[≡] . Y]*ù [ÆJ ]*ù
Equation 30 
K2 = equilibrium constant for site 2 = 
≠å â
≠? â
 =
[≡dî 2]Hç
[≡dî 1]Hç
Equation 31 
Q1 = ion activity product for site 1 = 
[]. ]>[≡ßG]F
[≡dî 1]F[ßG]F
Equation 32 
Q2 = ion activity product for site 2 = 
[≡dî 2]F
[≡dî 1]F
 Equation 33 
Where: 
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i ö t = forward rate constant for site 1
i Lt = reverse rate constant for site 1 
i ö 1 = forward rate constant for site 2
i L1 = reverse rate constant for site 2 
Therefore, the rate expression for Cs sorbed to site 1: 
o[≡ dî t ]
oF
= i ö [dî ][≡ ßG] − i L[ßG][≡ dî t ] + i L1[≡ dî 1] − i ö 1[
≡ dî t ] 
Equation 34 
Factoring: 
M[≡] . Y]
MP
= i ö [dî ][≡ ßG] − i L[ßG][≡ dî t ] + i L1[≡ dî 1] − i ö 1[≡ dî t ]
Equation 35 
Substituting K and Q: 
M[≡] . Y]
MP
= i ö t [dî ][≡ ßG] V1 −
wY
' Y
Z + i L1[≡ dî 1] V1 −
' â
wâ
Z Equation 36 
Rate expression for aqueous Cs: 
M[]. ]
MP
= i LY [dî ][≡ ßG] V1 −
wY
' Y
Z Equation 37 
Cs sorbed to site 2: 
M[≡] . 5ñ>* â ]
MP
= i Lâ [≡ dî t ] V1 −
wY
' Y
Z Equation 38 
M[ÆJ ]
MP
= i ö t [dî ][≡ ßG] V1 −
wY
' Y
Z Equation 39 
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Therefore, when the ion activity product is substantially less or greater than the 
equilibrium constant, the reaction proceeds at a faster rate. The rate of reaction decreases 
as the system approaches equilibrium and the ion activity product approaches the value of 
the equilibrium constant, which has an experimentally measured value of 7.079*101 (Xie 
and Powell, 2018). It is assumed that the value of the equilibrium constant for the second 
site is one order of magnitude greater than for the first site, which is a reasonable 
assumption based on the substantially higher affinity of the second site indicated in the 
literature review. Therefore, a value of 102.85 was used for the second site equilibrium 
constant. The dispersivity was calculated for each column. 
okî ÑH0î kl kFmRV
Wâ
á
Z = 	∞W∗ E Equation 40 
Where: 
∞W = longitudinal dispersion coefficient (L), estimated using Equation 16 
E = velocity (L/T), a measured value 
The dispersivity was assumed to be the same for all species within the respective 
columns. 
The variable names, expressions, and descriptions implemented in COMSOL are 
included in table C8 in Appendix C. 
The model geometry consists 10 cm interval representing the length of the soil-
packed columns. The mesh consisted of 500 elements along the interval. The average 
concentration as a function of time was measured at the outlet boundary in order to 
measure concentrations in the effluent. The concentration was measured along the center 
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of the column from the inlet to the outlet. The model geometry, mesh, probe location, 
cutline location, and model boundaries, which will be referenced when describing the 
physics configuration, are shown. 
Figure 11. Model geometry, mesh, measurement locations, and model boundaries. 
Note: mesh in figure contains less than 500 elements for visibility.  
The four species, sorbed Cs on site 1, sorbed Cs on site 2, aqueous Cs, and 
aqueous Na, described in the sorption reactions were specified as dependent variables. 
The convection attribute was checked for modeling pumping experiments and unchecked 
for modeling stop-flow experiments. The flux was specified in the positive y-direction 
with the calculated flux values in the 100 mM and 10 mM columns.  
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A concentration boundary condition was specified on boundary 1 with an aqueous 
Cs concentration of 10-6 M in both columns, an aqueous Na concentration of 100 mM in 
one column, and an aqueous Na concentration of 10 mM in the other column. An outlet 
boundary condition was specified on boundary 2. A reactions attribute was used to 
implement the rate expressions for each species described previously. The initial values 
of all species except aqueous Na were set to 10-12 mol/L to improve convergence. Initial 
aqueous Na concentration was set to 100 mM in one column and 10 mM in the other 
column. The initial sorbed Na concentration is equal to the CEC and decreases as Cs 
sorbed to site 1 and 2 increase. This is also set up this way in order to conserve mass. 
Multiple studies were created in order to simulate the pumping and stop-flow 
experiments for each column. The simulation time for each study corresponds to the 
duration of the experiments. The solution to the preceding model is the initial value for 
dependent variables in the subsequent model. The solutions to the studies were plotted in 
line graphs corresponding to the measured concentrations at the average boundary probe. 
Optimization was used to estimate the forward and reverse rate constants. The estimated 
values of the rate constants along with plots of models fit to the various data sets are 
displayed in the results section.  
A sensitivity analysis was conducted after rate constants were estimated in order 
to study how changing each rate constant affects the goodness of fit. Each model was 
executed with one of the four rate constants multiplied by a factor of 2 and then by a 
factor of 0.5 while holding all other constants at their optimum value. The model outputs 
were interpolated to the times corresponding to the measured values in order to calculate 
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the root mean square error (RMSE), which quantifies the effect of changes to a single 
parameter. RMSE was calculated using the following equation. 
!û ±f = ≤V
∑(≥6 4 )â
Æ
Z Equation 41 
Where: 
P = predicted value (mol/L) 
M = measured value (mol/L) 
N = number of values 
Equilibrium Numerical Transport Modeling 
OBJECTIVE 
The purpose of equilibrium modeling studies was to verify the necessity of non-
equilibrium models for characterizing Cs transport, and also to examine whether 
equilibrium models utilizing Freundlich and Langmuir isotherms are suitable under some 
conditions. 
BOUNDARY AND INITIAL CONDITIONS 
The boundary and initial conditions described in the non-equilibrium model were 
also implemented in the equilibrium model.  
GOVERNING EQUATION 
™(¥N)
™P
+
™(%N)
™P
+ ©∙ ä©C + E©C = ! Equation 42
Where: 
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µ  = porosity 
+= bulk density (M/L3)
C = aqueous concentration (M/L3) 
u = velocity (L/T)
t = time 
R = source from reactions 
Isotherms are implemented by applying them to concentration, which is included in the 
storage term (∂(∑∏)
∂π
), in order to calculate the sorbed concentration. 
FREUNDLICH ISOTHERM 
ç = ∫ª C)  Equation 43
Where: 
q = mass of sorbent per mass of solid (M/M) 
KF = Freundlich constant (M/M) 
c = aqueous concentration (M/L3) 
n = Freundlich exponent (dimensionless) 
The Freundlich constant is a measure of adsorption capacity, and the Freundlich exponent 
is a measure of adsorption intensity. 
LANGMUIR ISOTHERM 
ç =
' _ Nú
t Ö' _ N
Equation 44 
Where: 
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q = mass of sorbent per mass of solid (M/M) 
KL = Langmuir constant (L3/M) 
c = aqueous concentration (M/L3) 
cm = adsorption maximum (M/M) 
The geometry, boundary conditions, initial conditions, and other model setup 
parameters in COMSOL Multiphysics was identical to the non-equilibrium model except 
the simulations were executed over the entire datasets including all flow periods to 
investigate if the nonequilibrium models could globally predict the effluent aqueous 
concentration.  
The steady state activity was estimated in order to determine if the contaminants 
have reached the site boundary at SRS or Hanford using the following analytical solution. 
!º C
ºF
= −E
ºC
ºs
+ ä
º 1C
º s 1
− !Ω d
At the site boundary under conditions of steady state flux due to advection is no 
longer changing, and the concentration is not changing with time. The analytical solution 
simplifies to the following form. 
E
ºC
ºs
= −!Ω d  
Applying the boundary condition where the concentration at the source equals the 
initial concentration (@ x = 0, C = C0). 
ºC
ºs
= −
!Ω
E
d  
The final equation after integration becomes: 
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d
dc
= H
6 ~
êæ
K É 
Where: 
C0 = estimated groundwater release (or activity) (Ci) 
ø = decay constant (1/time) 
R = retardation factor (dimensionless) 
u = groundwater linear velocity (length/time)
x = distance from source (length) 
The estimated total groundwater release to at SRS and 200 site at Hanford is 200 
Ci and 40,000 Ci, respectively (Garten et al, 2000). 
The distribution coefficient estimated from the linear model was used to calculate 
the retardation factor. The coefficient from the 10 mM NaCl column was used because 
the higher ionic strength conditions are not likely in most environmental settings.  
The half-life of 137Cs is 30.17 years, and the decay constant be determined by the 
following equation. 
λ =
ln 2
tt
1
Therefore, the decay constant is 2.3*10-1 y-1. 
For the SRS calculation, the distribution coefficient estimated from the linear 
model was used to calculate the retardation factor. The coefficient from the 10 mM NaCl 
column was used because the higher ionic strength conditions are not likely in most 
environmental settings.  
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For the Hanford calculations, the a distribution coefficient of 2000 L/Kg was used 
(Thorne et al, 2006). 
The measured values of dry bulk density and effective porosity for SRS were 
used. 
The dry bulk density and effective porosity for Hanford were determined by 
taking the average of the measured values for all of the stratigraphic units at the site, 
which are shown in the following table. 
Table 7. Soil properties for Hanford Site.
Sediment 
Bulk Density 
(g/cm^3) Effective Porosity 
Hydraulic Conductivity 
(cm/sec) 
Min. Max. Min. Max. Min. Max. 
Bf 2.13 2.18 NA 0.185 5.60E-04 5.940E-04 
Hss 1.58 1.8 0.282 0.326 6.55E-06 2.400E-04 
Hfs 1.65 1.76 0.277 0.388 1.71E-05 4.150E-03 
Hcs 1.56 1.67 0.348 0.395 1.09E-03 5.320E-03 
Hgs 1.81 1.94 0.26 0.305 2.35E-04 5.150E-04 
Hgs 1.79 2.09 0.202 0.218 2.62E-04 3.650E-04 
Hrg 0 0 NA 0.239 5.60E-04 1.460E-04 
CCUz 1.58 1.71 0.308 0.42 7.27E-06 7.110E-04 
CCUc 1.65 1.71 0.288 0.297 5.00E-04 1.030E-03 
CCUg-z 2.13 2.13 NA NA 5.60E-04 5.600E-04 
Rg 1.82 2.13 0.258 0.266 7.83E-05 5.600E-04 
(Martin, 2011) 
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The groundwater linear velocity was determined for both sites using Darcy’s Law. 
ç = ∫ ~
oℎ
oƒ
É 
Where: 
K = hydraulic conductivity (L/T) 
dh/dl = head gradient (L/L) 
For the Hanford site, the following simulated groundwater elevation map was 
used to determine the head gradient. 
Figure 12. Simulated groundwater elevation map. (Thorne et al, 2006). 
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The head contours indicate that contamination originated from the 200 area will 
primarily flow to the east/southeast toward the Columbia River, and the length of this 
flow path is approximately 15.5 km. The drop in hydraulic head along this distance is 
approximately 10 m. This gives a head gradient of 6.5*10-2. The hydraulic conductivity 
was determined by taking the average of the hydraulic conductivities listed in Table 4.  
The shortest flow paths from H area and F areas on SRS two their discharge area, 
Four Mile Creek, are approximately 1600 m. This was determined using Google Earth 
imagery. The change in hydraulic head along these flow paths from H area and F area are 
approximately 12 m from the following water table map. The hydraulic conductivity was 
determined experimentally to by 113 m/y. 
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Figure 13. Water table map of SRS (SRS Environmental Report for 2003 — Maps). 
The activity along these flow paths for the 200 area at the Hanford Site and F area 
at SRS were plotted as a function of distance from the source. These plots are shown in 
Figures 42 and 43. 
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Chapter IV. RESULTS AND DISCUSSION 
Cs transport was investigated through the examination of 1-D Cs gamma scans, 
activity balances, tritium breakthrough, Cs breakthrough, Cs desorption, and analysis of 
steady state conditions at contaminated sites as well as analytical and numerical modeling 
studies. 
1-D Cs Gamma Scans and Activity Balance
Allowing Cs to adsorb to the interlayer facilitates the investigation of Cs capacity 
of this site and slow transport on this site. The activity in the 100 mM column is 
significantly less than in the 10 mM column (Figure 19). 
A fraction of the activity injected into both columns before Cs adsorption and 
desorption experiments has been transported out of the columns in the effluent (Table 7). 
79.5% of the injected activity in the 10 mM NaCl column has been retained, and 46.7% 
has been retained in the 100 mM column. The maximum Cs activity occurs at 0.8 cm 
farther down the flow path than in the 10 mM column (Table 7). 
The addition of 137Cs before adding the bulk solution allows Cs adsorption to the 
Cs-selective interlayer sites. Therefore, when the bulk solution is added, it primarily 
adsorbs to the less Cs-selective FES sites. The activity in the 10 mM column is higher 
because less FES sites are occupied by Na, which allows Cs to adsorb to this site and then 
diffuse toward the interlayer. Activity loss in both columns suggests sorption to the 
interlayer is reversible, which contradicts the findings of other Cs desorption studies. 
Similar dispersion in both columns suggests the dispersivity of the soil in both columns is 
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similar, which is an ideal situation for studying transport with multiple column 
experiments. A point of maximum activity farther along the flow path in the higher ionic 
strength column indicates that Cs mobility increases with competing ion concentration. 
Cs is strongly bound to the solid phase, but advection and dispersion are still important 
processes affecting transport of Cs bound to clay interlayers.  
Tritium Breakthrough 
The tritium breakthrough results indicate that a conservative contaminant moves 
through SRS soil with a steep concentration gradient at the front of the plume followed 
by a gradual dispersive tail behind the maximum concentration (Figure 14). The 
dispersion coefficient was estimated to be 2.42 cm with an r2 value of 0.9935.  
The sharp front of the plume followed by the gradually decreasing tail is caused 
by the dispersion of the contaminant in the soil. Given the laboratory scale of this 
experiment, this is a significant amount of dispersion, which can be attributed to the high 
porosity of 0.45. The velocity was determined by measuring the volumetric flow rate in 
the effluent and dividing this quantity by the cross-sectional area of the column and the 
porosity. Dispersion is also dependent on experimental scale. If the problem were scaled 
up the dispersion would increase.  
Modeling of Cs Breakthrough 
The semi-infinite step advective-dispersive solute transport equation described in 
Equation 20 was used to analytically model the Cs breakthrough curves in both columns. 
This equation was fit to the data by estimating the distribution coefficient using the least-
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squares parameter estimation technique describe in Equation 19. The distribution 
coefficient was estimated using the Solver tool in Excel to maximize r2. It is evident from 
the first, second, and third flow experiments for the 10 mM NaCl column that the 
estimated distribution coefficients and corresponding retardation factors increase after 
stop-flows (Table 8). The r2 values decrease after each stop-flow period in both columns 
(Table 8). An r2 value of 0.9971 was obtained for the 100 mM NaCl column flow 
experiment 1 using a Kd of 7.1 L/kg (Table 8). An r2 value of 0.1956 was obtained for the 
100 mM NaCl column flow experiment 2 using a Kd of 13.6 L/Kg (Table 8).  An r2 value 
of 0.9844 was obtained for the 10 mM NaCl column flow experiment 1 using a Kd of 
20.4 L/kg (Table 8). An r2 value of 0.9439 was obtained for the 10 mM NaCl column 
flow experiment 2 using a Kd of 25.8 L/kg (Table 8). An r2 value of 0.6010 was obtained 
for the 10 mM NaCl column flow experiment 3 using a Kd of 37.8 L/kg (Table 8). The 
model fits the 10 mM column well for the first flow experiment, but there is less 
goodness of fit after each stop-flow period (Table 8). The estimated distribution 
coefficients and corresponding retardation factors increase after each stop-flow period in 
both columns (Table 8).  
There is significantly more substantial and earlier breakthrough in the 100 mM 
NaCl column than in the 10 mM NaCl column (Figure 15). The maximum effluent 
concentration from the 100 mM NaCl column is 1*10-6 mol/L (Figure 15). The maximum 
effluent concentration in the 10 mM NaCl column is 1.2*10-7 mol/L, which is 
approximately 1 order of magnitude less than the maximum concentration in the 100 mM 
NaCl column (Figure 15). Cs breakthrough occurs at approximately 175 minutes in the 
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100 mM NaCl column (Figure 16). Cs breakthrough occurs at approximately 330 minutes 
in the 10 mM NaCl column, which is almost twice as long as the 100 mM NaCl column 
breakthrough time (Figure 15). The breakthrough curve for the 100 mM NaCl column has 
a positive inflection earlier in the breakthrough and a negative inflection as the aqueous 
Cs concentration increases (Figure 15). The breakthrough curve for the 10 mM NaCl 
column always has a positive inflection (Figure 16). The model fits the 100 mM NaCl 
column breakthrough data well at earlier times and lower effluent aqueous Cs 
concentrations, but the model underpredicts the data at later times (Figure 15). The model 
does not underpredict the 10 mM NaCl column data even at later times (Figure 16). 
The semi-infinite step advective-dispersive solute transport equation used to 
model the Cs breakthrough data assumes a linear distribution coefficient (Equation 18). 
The divergence of the model to the data is evidence of the nonlinearity of the distribution 
coefficient (Figure 15). The effect of a competing ion is evident in the differences in the 
Cs breakthrough curves in the two columns (Figure 15). The competing ion concentration 
is 1 order of magnitude greater in the 100 mM NaCl column than in 10 mM NaCl 
column, and this inhibits Cs from adsorbing to the FES (Figure 15). The maximum 
effluent concentration in the 100 mM NaCl column being approximately 1 order of 
magnitude greater in the 100 mM NaCl column suggests competing ion concentration is 
inversely proportional to Cs sorption capacity (Figure 15). Subsequently, Cs ions pass 
through the column and are collected in the effluent at a greater amount than at a lower 
competing ion concentration (Figure 15). The inflection changes from positive to 
negative as the system approaches steady state. Upon initial Cs breakthrough, the 
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aqueous Cs concentration in the effluent of the 100 mM NaCl column is much less than 
the constant influent Cs concentration, 1*10-6 mol/L (Figure 15). As the system 
approaches steady state, the rate of change of concentration in the effluent decreases, and 
the effluent concentration approaches the influent concentration (Figure 15). The 
maximum effluent concentration from the 10 mM NaCl column is 1 order of magnitude 
less than the influent concentration, and the data always have a positive inflection due to 
the system being far from steady state conditions (Figure 16). 
The ratio of sorbed Cs mass fraction to aqueous Cs concentration increases after 
stop-flow periods (Figure 17). The slopes of the data increase after stop-flow periods 
(Figure 17). The ratio of the sorbed phase to the solid phase approaches a constant value 
in the 100 mM NaCl column data (Figure 17).  
Aqueous concentration decreased after stop-flow periods. There was no 
significant difference in the concentration before and after the stop-flow in the 100 mM 
NaCl column (Table 9). In the 100 mM NaCl column, the concentration before the 
second stop-flow was 135.2 ug/L and 83.4 ug/L corresponding to a 38% decrease in 
aqueous Cs concentration (Table 9). The aqueous Cs concentration before the first stop-
flow in the 10 mM NaCl column was 8.3 ug/L and 7.5 ug/L after the stop-flow (Table 
10). In the 10 mM NaCl column, the concentration in the effluent decreased significantly 
after the first stop-flow (Table 10). In the 10 mM NaCl column, the concentration before 
the second stop-flow was 23.4 ug/L and 10.1 ug/L after, which corresponds to 57% of 
aqueous Cs adsorbing during the stop-flow period (Table 10).  
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No decrease in concentration was observed in the 100 mM NaCl column after the 
first stop-flow period due to a higher competing ion concentration inhibiting Cs sorption 
and insufficient time for significant adsorption at this high ionic strength (Table 9). There 
was a significant decrease in aqueous effluent concentration in the 10 mM NaCl column 
after the first stop-flow period (Table 9). The differences in aqueous concentration before 
and after the second stop-flow are much greater than in the first stop-flow due to a much 
longer stop-flow time, which gives Cs longer to move from the aqueous phase to the FES 
to the interlayer (Tables 9, 10). The fraction of the aqueous phase that sorbs during the 
stop-flow periods is greater in the presence of lower competing ion concentration due to 
less Na occupying binding sites leaving more sites available for Cs sorption Table 10). 
The FES has a higher capacity for Cs under these conditions.  
The Cs ion becomes more strongly bound to the soil when given more residence 
time in the pore spaces during a stop-flow period, and it diffuses from the FES to the 
interlayer causing a permanent increase in the distribution coefficient (Table 8). The 
increase in the distribution coefficient and corresponding retardation factor after stop-
flows could also be partially caused by a decrease in interlayer spacing from extensive Cs 
loading, which was also suggested by Onodera et al, 2017 from potassium loading (Table 
8). The decrease in goodness of fit at higher effluent concentrations and after stop-flows 
suggests that equilibrium models and models that utilize a linear distribution coefficient 
are adequate for predicting initial Cs arrival time and transport shortly thereafter, but they 
are not suitable for describing Cs transport over longer time scales and at higher levels of 
Cs contamination where nonequilibrium conditions exist (Table 8). 
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The changes in the distribution coefficient are evident from plots of sorbed Cs as 
a function of aqueous Cs (Figure 17). During flow, both the sorbed and aqueous 
concentrations increase (Figure 17). The slope of this data is the distribution coefficient, 
and the slope of the data is not constant Figure 17). The slope of the data increase after 
stop-flows Figure 17).  
Increases in sorbed and aqueous phases during flow indicates the system is being 
perturbed from equilibrium (Figure 17). During no flow, the system is allowed to move 
back toward equilibrium, and the ratio of sorbed Cs to aqueous Cs increases (Figure 17). 
The increase in slope after stop-flow periods indicates the effects of aging as Cs moves 
from the FES to the interlayer. The changing slope of the data indicates the nonlinearity 
of the distribution coefficient (Figure 17). 
Cs Desorption 
Effluent Cs concentration was measured in the desorption experiments in both 
columns (Figure 20). The initial effluent concentration in the 100 mM NaCl column is 
greater than in the 10 mM NaCl column (Figure 20). The decrease in concentration with 
respect to time from the 100 mM NaCl column is linear (Figure 20). The decrease in 
concentration with respect to time from the 10 mM NaCl column is rapid initially, and it 
decreases overtime as it approaches a slope of zero (Figure 20).  
Greater initial effluent concentration in the 100 mM NaCl column than in the 10 
mM NaCl column (Figure 20) during the desorption experiments agrees with the final 
effluent concentrations from the adsorption experiments (Figure 14). The concentration 
in the effluent decreases linearly and more rapidly in the 100 mM NaCl column due to Na 
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inhibiting Cs from sorbing to the FES, which would be followed by diffusion into the 
interlayer (Figure 20). When the 1 M NaCl solution is pumped through the column, it 
rapidly desorbs Cs from the lower-affinity FES site. The Cs initially leaving the 100 mM 
NaCl column originates from Cs in the pore spaces and Cs bound to the FES before the 
desorption experiment. The plateau in the 100 mM NaCl column data indicates that all Cs 
has been desorbed from the FES, and Cs strongly bound to the interlayer is slowly 
desorbing (Figure 20). The slope of the 10 mM NaCl column data does not plateau over 
the time of the desorption experiment because all of the Cs bound to the FES has not yet 
been desorbed (Figure 20). The FES in the 10 mM NaCl column has a higher capacity for 
Cs due to lower Na concentration, and longer desorption experiment would be required to 
observe a plateau in effluent concentration (Figure 20). Cs adsorption to the FES sites 
and interlayer sites in the 2:1 clay fraction of SRS soil is reversible, and Cs desorption 
from the FES is more rapid than from the interlayer. Some fraction of the Cs sorbed to 
the interlayer is irreversibly sorbed (Figure 20). 
Total Cs sorption and CEC 
The 2:1 clay fraction of the CEC of SRS soil is 5%. Assuming that Cs only sorbs 
to 2:1 clays, the calculated Cs CEC is 7.97*10-5 mol (Table 13). The total moles of Cs 
sorbed in the 100 mM NaCl column is 3.93*10-6 mol (Table 14). This corresponds to 
4.92% of the CEC being occupied by Cs (Table 14). The total moles of Cs sorbed in the 
10 mM NaCl column is 2.15*10-6 mol (Table 15). This corresponds to 4.93% of the CEC 
being occupied by Cs (Table 15).  
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Both columns are approaching 5% of the total CEC and this suggest that Cs only 
sorbs to 2:1 clays in SRS soil. The charge, interlayer spacing, and interlayer 
expandability of 2:1 clays causes Cs to exclusively sorb to them rather than to 2:1 
kaolinite, which lacks an interlayer. This analysis supports the 2:1 clay FES-Interlayer 
conceptual model.  
Numerical Modeling of Cs Breathrough 
The model fits the flow and stop-flow datasets for the 100 mM NaCl column and 
the 10 mM NaCl column using one set of rate constants (Figures 21 and 22, Table 16). 
The 100 mM NaCl model accurately predicts Cs breakthrough, Cs effluent concentration 
at earlier times, and maximum Cs concentration at the end of the first flow experiment 
(Figure 21). It slightly overpredicts the data toward the end of the first flow period 
(Figure 21). It accurately predicts the decrease in aqueous concentration during the stop-
flow period Figure 21). It accurately predicts the aqueous concentration over the entire 
time range of the second flow period (Figure 21). The 10 mM NaCl model accurately 
predicts the time of Cs breakthrough, aqueous concentration at earlier times during the 
first flow period (Figure 22). The model overpredicts the maximum concentration after 
the first flow period (Figure 22)). The model accurately predicts the decrease in aqueous 
concentration during the first stop-flow period (Figure 22). The model slightly 
underpredicts the aqueous concentration during the second flow period, but it accurately 
predicts the maximum concentration (Figure 22). The model accurately predicts the 
decrease in aqueous concentration after the second stop-flow period (Figure 22). The 
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model accurately predicts aqueous concentration for the entire third flow period dataset 
and the maximum concentration (Figure 22).  
The non-equilibrium model can also be used to predict the concentration of Cs 
sorbed to the FES and the interlayer and Na sorbed to the FES along the flow path 
(Figures 23 and 23). The Cs concentration sorbed to the FES is greater than the 
concentration sorbed to the interlayer along the entire column (Figure 23). The maximum 
Cs concentration occurs at the inlet for Cs sorbed to the FES and Cs sorbed to the 
interlayer (Figure 23). The minimum Cs concentration occurs at the outlet for Cs sorbed 
to the FES and Cs sorbed to the interlayer (Figure 23). The maximum concentration 
sorbed to the FES is 3.94 times greater than the maximum concentration sorbed to the 
FES (Figure 23). The minimum concentration sorbed to the FES is 10.9 times greater 
than the minimum concentration sorbed to the interlayer (Figure 23). The Cs 
concentration sorbed to the interlayer decreases by 3.96*10-5 mol/L from the inlet to the 
outlet (Figure 23). The Cs concentration sorbed to the FES decreases by 1.42*10-4 mol/L 
from the inlet to the outlet (Figure 23). The maximum Na concentration sorbed to the 
FES occurs at the outlet (Figure 25). The minimum Na concentration sorbed to the FES 
occurs at the outlet (Figure 24). The Na concentration increases by 1.23*10-4 mol/L from 
the inlet to the outlet (Figure 24). The maximum Na concentration sorbed to the FES is 
874 times greater than the maximum Cs concentration sorbed to the FES (Figures 23 and 
24).  
The Cs concentration sorbed to the FES always be greater than the Cs 
concentration sorbed to the interlayer due to direct contact with aqueous Cs that is being 
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constantly loaded into the column at a concentration of 10-6 mol/L, and the FES has 
higher capacity for Cs (Figure 24). The concentration of Cs sorbed to both sites occurs at 
the inlet where aqueous Cs has been in the pore space for longer allowing the sorption 
reaction to occur for a longer period of time than farther along the flow path (Figure 23). 
The Cs concentration sorbed to the FES decreases more rapidly along the flow path than 
in the interlayer because Cs sorbs more rapidly to the FES than it diffuses from the FES 
to the interlayer (Figure 23). The Na concentration sorbed to the FES increases along the 
flow path for the same reason the Cs concentration decreases along the flow path Figures 
23 and 24). The sorption reaction has had more time to occur at the inlet (Figures 23 and 
24). The Na concentration sorbed to the FES is substantially more than the Cs 
concentration sorbed to the FES due to constant loading of Na at a concentration five 
orders of magnitude greater than the constantly loaded Cs (Figures 23 and 24).  
A 1-site model was initially used to model the measured data, and the models 
were underpredicting the observed data at later times due to binding site saturation. This 
suggests that Cs sorption to the FES has a greater influence on transport at earlier times, 
but it is necessary to implement a second site to account for diffusion of Cs from the FES 
to the interlayer where the rate of Cs desorption is slow to accurately model long-term Cs 
transport. Therefore, a 2-site model was implemented, and the models fit the entire 
datasets in both columns. 
While other parameters used in the model were held constant at their measured 
values when estimating rate constants, their effect on transport was examined by varying 
parameter values. Increasing the groundwater velocity results in earlier Cs breakthrough 
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as well as a more rapid increase in aqueous Cs concentration after breakthrough (Figure 
27). Increasing the longitudinal dispersion coefficient has some effect on the point of Cs 
breakthrough but is not as significant as an increase in groundwater velocity (Figures 25 
and 27). As this parameter increases, the model tends to overpredict the data, and it also 
has a smoothing effect (Figure 25). As it decreases the model tends to underpredict the 
data at earlier times and overpredict it at later times (Figure 25). Increasing the CEC 
causes less rapid Cs breakthrough and underprediction of aqueous Cs concentration 
(Figure 26). Increasing the aqueous influent Na concentration has a similar effect on the 
transport as decreasing the CEC (Figures 26 and 28).  
Increasing the longitudinal dispersion coefficient causes more rapid and 
substantial breakthrough because it causes the contaminant to spread out in the direction 
of flow and be transported more rapidly (Figure 25). Decreasing the longitudinal 
dispersion coefficient causes the contaminant to be transported with a sharper front of the 
plume leading to the breakthrough occurring later followed by a rapid increase in 
aqueous concentration (Figure 25). Increasing the velocity causes the contaminant to be 
transported more rapidly leading to more rapid and substantial breakthrough, and the 
opposite effect occurs with lower velocity (Figure 27). Increasing the CEC delays the 
breakthrough because more of the contaminant is able to adsorb, which causes the 
concentration in the aqueous phase to decrease (Figure 26). Increasing the aqueous 
influent Na concentration causes more Na to adsorb and occupy more of the binding sites 
that would otherwise be available for Cs sorption which leads to more Cs being 
transported through the entire column without sorbing (Figure 28). 
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Nonequilibrium Model Best Fit Parameters 
The forward rate constant for site 1 was estimated to be 2.2*10-3 L/(mol·s ) 
(Table 16). The reverse rate constant for site 1 was estimated to be 5.16*10-10 L/(mol·s) 
(Table 16). The forward rate constant for site 2 was estimated to be 2.33*10-4 L/(mol·s.) 
(Table 16). The reverse rate constant for site 2 was estimated to be 6.78*10-8 L/(mol·s) 
(Table 16). The rate expressions for site 2 only have one reactant and one product so the 
rate constants for this site are normalized to the aqueous Na concentration to have 
consistent units with the rate constants for site 1 (Table 16). The forward rate constant for 
site 1 is seven orders of magnitude greater than the reverse rate constant for site 1 
(Table 16). The forward rate constant for site 2 is 4 orders of magnitude greater than the 
reverse rate constant for site 2 Table 16). The forward rate constant for site 1 is one order 
of magnitude greater than the forward rate constant for site 2 (Table 16). The reverse rate 
constant for site 1 is one order of magnitude less than the reverse rate constant for site 2 
(Table 16). The ratio of the forward and reverse rate constants for site 1 is three orders of 
magnitude greater than the ratio of the forward and reverse rate constants for site 2 
(Table 16).  
Cs is a strong sorbent due to the low hydration energy compared to other cations, 
and the high Cs affinity and CEC of 2:1 clay minerals at SRS also causes it to adsorb 
strongly. Based on the literature review of previous work on Cs sorption, it is expected 
that the reverse rate constant would be much lower than the forward rate constant for 
both sites, which is indicated in the estimated rate constants (Table 16). The smaller value 
of the forward rate constant for site 2 compared to the forward rate constant for site 1 
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supports the idea that Cs slowly diffuses from FES sites to interlayers sites as the aging 
effect occurs. It has been suggested in other studies on Cs adsorption to 2:1 clays 
discussed in the literature review that Cs is irreversibly sorbed to the interlayer. The 
reverse rate constant for site 2 is greater than the reverse rate constant for site 1, and this 
suggests that Cs adsorption to the interlayer is reversible (Table 16). It also suggests Cs 
diffuses from interlayer sites back to FES sites, but the forward rate constant for FES 
sites is five orders of magnitude greater than the reverse rate constant interlayer sites. 
This suggests there is Cs exchange between the FES and interlayer, but small fraction of 
Cs sorbed to the interlayer that moves from the interlayer back to the FES is not likely to 
then return to the aqueous phase. If Cs loading occurred over longer periods of time 
relevant to natural systems it could cause interlayer collapse and an even slower rate of 
Cs desorption from interlayer sites. 
Nonequilibrium Model Parameter Sensitivity 
When the forward rate constant is greater than the optimum parameter value the 
model underpredicts the measured values, and it overpredicts the measured values when 
it is less than the optimum value (Figures 29, 31, 33, and 35). When the reverse rate 
constant is greater than the optimum parameter value the model overpredicts the 
measured values, and it underpredicts them when it is less than the optimum value 
(Figures 30, 32, 34 and 36). 
As the forward rate constant for either the FES or the interlayer increases the rate 
of aqueous Cs adsorption increases causing less Cs breakthrough. An increase in the 
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reverse rate constant causes more rapid Cs breakthrough because Cs desorbs more rapidly 
from the interlayer to the FES to the aqueous phase. 
A sensitivity analysis was conducted to investigate the effect changes in the rate 
constants have on the model output. The maximum normalized RMSE is 4.8 for the 100 
mM NaCl column and 1*10-1 for the 10 mM NaCl column (Tables 17 and 18). The 
minimum normalized RMSE is 1.9*10-2 for the 100 mM NaCl column and 1.9*10-2 for 
the 10 mM NaCl column (Tables 17 and18). The average normalized is 9.8*10-1 for the 
100 mM NaCl column and 7.6*10-2 for the 10 mM NaCl column (Tables 17 and 18) The 
average normalized RMSE for the forward rate constant for site 1 in the 100 mM NaCl 
column is 1.9. The average normalized RMSE for the reverse rate constant for site 1 in 
the 100 mM NaCl column is 2.4. The average normalized RMSE for the forward rate 
constant for site 2 in the 100 mM NaCl column is 3.2*10-2. The average normalized 
RMSE for the forward rate constant for site 2 in the 100 mM NaCl column is 3.1*10-2. 
The average normalized RMSE for the reverse rate constant for site 2 in the 100 mM 
NaCl column is 7.7*10-2. The average normalized RMSE for the forward rate constant 
for site 1 in the 10 mM NaCl column is 7.7*10-2. The average normalized RMSE for the 
reverse rate constant for site 1 in the 10 mM NaCl column is 1*10-1. The average 
normalized RMSE for the forward rate constant for site 2 in the 10 mM NaCl column is 
7.8*10-2. The average normalized RMSE for the reverse rate constant for site 2 in the 10 
mM NaCl column is 5.0*10-2.  
The parameters in the 100 mM NaCl column model are generally more sensitive 
than the 10 mM NaCl column model because greater aqueous Na concentration, which is 
  77 
included in the rate expressions, magnifies changes in the rate constants (Tables 17 and 
18). The site 1 rate constants are more sensitive to changes than the site 2 rate constants 
in both models because site 1 reacts with the high Na and Cs aqueous concentrations 
while site 2 only reacts with the sorbed concentrations, and site 1 has greater adsorption 
capacity (Tables 17 and 18). The initial aqueous Cs concentration is much greater than 
the initial concentrations of either binding site. This creates an initial concentration 
gradient toward the aqueous phase, which also contributes to more parameter sensitivity 
at site 2.  
Equilibrium Numerical Modeling Results 
In order to investigate the necessity of non-equilibrium models to characterize Cs 
transport in SRS soil, equilibrium models utilizing Langmuir and Freundlich isotherms 
were developed. The equilibrium models were executed over the entire datasets including 
all flow and stop-flow periods because the models could not accurately predict the 
decrease in aqueous Cs concentration during stop-flow periods. Therefore, the objective 
was modified to globally fit the datasets from flow periods. The Langmuir and Freundlich 
models for the 100 mM 10 mM NaCl column datasets accurately predict the times of Cs 
breakthrough and aqueous Cs concentration at earlier times, but they severely 
underpredict them at later times (Figures 37, 38, 39, and 40).  
Equilibrium models of Cs transport can be used to predict Cs transport at earlier 
times, but on timescales relevant to contaminated sites they will underpredict the 
concentration (Figures 37, 38, 39, and 40). It has been shown that the rate of Cs 
adsorption is initially rapid and decreases with time (Goto et al, 2014). When the rate of 
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Cs adsorption is rapid equilibrium models can be utilized, but as Cs adsorption rate 
becomes slow with respect to the flow rate it becomes a rate-limiting step. Non-
equilibrium models are necessary to characterize the transport under these conditions. 
Steady state activity at Hanford and SRS 
An investigation of the steady state concentration at SRS and Hanford was 
conducted in order to determine of the activity released from the source would decay 
before reaching discharge zones. Cs activity at the source in the F area at SRS is 7.4*1012 
Bq and it decreases linearly along the flow path to an activity of 7.2*1012 Bq at the 
discharge zone at steady state (Figure 42).Cs activity at the source in the 200 area at 
Hanford is 1.48*1015 Bq, and it decreases linearly along the flow path to an activity of 
1.29*1015 Bq at the discharge zone at steady state (Figure 43).  
Under steady state conditions, the activity from both sites would not decay before 
reaching the site boundary. This justifies the detailed study of Cs transport to accurately 
predict the concentration along the flow path. It is important to note that this analysis 
utilized average properties of all geologic materials at both sites, and approximate 
estimates of flow path distances as well as head gradients were used. The activity is still 
predicted to be dangerously high at discharge zones, therefore, these approximations still 
show that activity would reach the site boundary before completely decaying.  
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Figure 14. Measured and modeled normalized aqueous tritium concentration  
as a function of time. 
 
Figure 15. Cs breakthrough curves for the 100 mM NaCl and 10 mM NaCl columns. 
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Figure 16. Breakthrough curve for the 10 mM NaCl column with analytical model. 
 
 
Table 8. Distribution coefficients, retardation factors, and r2 values from analytical modeling. 
Kd1 = distribution coefficient for flow experiment 1, Kd2 = distribution coefficient for  
flow experiment 2, Kd3 = distribution coefficient for flow experiment 3, R1 = retardation  
factor for flow experiment 1, R2 = retardation factor for flow experiment 2,  
R3 = retardation factor for flow experiment 3. 
Experiment Kd R r-squared 
100 mM flow 1 7.1 20.4 0.9771 
100 mM flow 2 13.6 38 0.1956 
10 mM flow 1 20.4 58 0.9844 
10 mM flow 2 25.8 73 0.9439 
10 mM flow 3 37.8 106.5 0.601 
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Figure 17. Sorbed Cs concentration (calculated using Equation 24) as a function of Aqueous Cs 
concentration for 100 mM NaCl column and 10 mM column. 
 
Table 9. Stop-flow results for 100 mM NaCl column. 
Stop-flow duration Description Value Units 
319 min 
Concentration before 1st stop-flow 83.57 ug/L 
Concentration after 1st stop-flow 83.57  
% aqueous adsorbed during 1st stop-flow 0.0  
17 days Concentration before 2nd stop-flow 135.2 ug/L 
Concentration after 2nd stop-flow 83.4 ug/L 
% adsorbed during 2nd stop-flow 38.3  
 
Table 10. Stop-flow results for 10 mM NaCl column. 
Stop-flow duration Description Value Units 
319 min 
Concentration before 1st stop-flow 8.268 ug/L 
Concentration after 1st stop-flow 7.539 ug/L 
% aqueous adsorbed during 1st stop-flow 8.8  
17 days 
Concentration before 2nd stop-flow 23.39 ug/L 
Concentration after 2nd stop-flow 10.09 ug/L 
% adsorbed during 2nd stop-flow 56.9  
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Figure 18. Count rate and efficiency as a function of aperture.  
Efficiency for 0.63 mm aperture = 7.049*10-3 cps/Bq (counts per second per becquerel). 
 
 
 
Figure 191. 137Cs activity as a function of position in both columns. Detected using a bismuth 
germanate (BGO) detector. Positions of measurements are such that the measured volume  
within the column does not overlap with another position. Measured using:  
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Table 11. Results of activity balance for the 100 mM NaCl column. 
Description Value Units 
total activity injected 833.0 dps 
activity retained 388.5 dps 
activity removed 444.0 dps 
percent activity removed 53.3 percent 
percent activity retained 46.7 percent 
Position of maximum activity 3.8 cm 
Dps = decay per second = becquerel 
 
Table 12. Results of activity balance for the 10 mM NaCl column. 
Description Value Units 
total activity injected 833.0 dps 
activity retained 662.0 dps 
activity removed 171.0 dps 
percent activity removed 20.5 percent 
percent activity retained 80.0 percent 
Position of maximum activity 2.9 cm 
Dps = decay per second = becquerel 
 
 
Figure 20. Aqueous Cs concentration as a function of time pumped for the desorption experiment. 
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Table 13. Clay composition of SRS soil. 
Property Value Units 
Silt and Clay (<2 um fraction) 0.34 dimensionless 
Fraction of 2:1 clays in silt and clay 0.05 dimensionless 
Fraction of kaolinite in silt and clay  0.95 dimensionless 
Possible maximum 2:1 clay fraction 0.017 dimensionless 
Possible maximum 2:1 CEC assuming constant CEC for all clays 7.97E-05 mol 
CEC 3.3 meq/100g 
 
Table 14. Results of total Cs sorption analysis for the 100 mM NaCl column. 
Property Value Units 
total volume 4.6864 L 
Cs concentration in 0.000001 mol/L 
total Cs mol in 4.69E-06 mol 
total Cs mol out 2.54E-06 mol 
total Cs mol sorbed 2.15E-06 mol 
total concentration sorbed 3.92E-05 mol/L 
Mass of soil in column  142.06 g 
Total CEC in column 4.68798 meq 
Total Cs-CEC in column 0.00468798 mol 
Fraction of occupied CEC sites 0.00837091 dimensionless 
Total Cs-CEC in 2:1 clays 7.9701E-05 mol 
Fraction of occupied 2:1 clay sites 0.49237156 dimensionless 
 
Table 15. Results of total Cs sorption analysis for the 10 mM NaCl column. 
Property Value Units 
total volume 4.27058 L 
Cs concentration in 0.000001 mol/L 
total Cs mol in 4.2706E-06 mol 
total Cs mol out 3.41E-07 mol 
total Cs mol sorbed 3.9295E-06 mol 
Mass of soil in column  142.07 g 
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Total CEC in column 4.68831 meq 
Total Cs-CEC in column 0.00468831 mol 
Fraction of occupied CEC sites 0.00083816 dimensionless 
Total Cs-CEC in 2:1 clays 7.9701E-05 mol 
Fraction of occupied 2:1 clay sites 0.04930341 dimensionless 
 
Comsol Multiphysics Modeling Results 
 
Figure 21. Measured and modeled aqueous Cs as a function of time during flow along  
for the 100 mM NaCl column. 
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Figure 22. Measured and modeled aqueous Cs concentration as a function of time during flow  
for the 10 mM NaCl column. 
 
 
Table 16. Best Fit Parameters. Kf,1 = forward rate constant for site 1, kr,1 = reverse rate constant 
for site 1, kf,2 = forward rate constant for site 2, kr,2 = reverse rate constant for site 2.  
Kf,2 and kr,2 are normalized to Na concentration (0.1 mol/L) for consistent units. 
Best Fit Parameters 
Constant Value Units 
kf,1 2.25E-03 L/(mol*s) 
kr,1 5.16E-10 L/(mol*s) 
kf,2 2.33E-04 L/(mol*s) 
kr,2 6.78E-08 L/(mol*s) 
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Figure 23. Cs sorbed to the FES and the interlayer as a function of distance along the  
flow path at 160 minutes in the 100 mM NaCl column. 
 
Figure 24. Na sorbed to the FES as a function of distance along the flow path at 160 minutes in 
the 100 mM NaCl column. 
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Figure 25. Parametric sweep of the longitudinal dispersion coefficient in the 1 
00 mM NaCl column. 
 
 
Figure 26. Parametric sweep of CEC in the 100 mM NaCl column. 
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Figure 27. Parametric sweep of velocity in the 100 mM NaCl column. 
 
 
Figure 28. Parametric sweep of influent Na concentration in the 100 mM NaCl column. 
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Sensitivity Analysis Results 
Table 17. 100 mM NaCl Column Sensitivity Results. 
Model RMSE 
Maximum 
Concentration 
Normalized RMSE 
Average 
normalized RMSE 
for constants 
Average 
normalized 
RMSE for 
Sites 
Best Fit 1.500E-08 1.500E-02     
kf,1*1/2 3.800E-06 3.700E+00 1.920E+00 2.178E+00 
kf,1*2 1.400E-07 1.400E-01 
kr,1*1/2 7.100E-08 7.000E-02 2.435E+00 
kr,1*2 4.900E-06 4.800E+00 
kf,2*1/2 2.200E-08 2.200E-02 3.400E-02 3.225E-02 
kf,2*2 4.700E-08 4.600E-02 
kr,2*1/2 2.000E-08 1.900E-02 3.050E-02 
kr,2*2 4.300E-08 4.200E-02 
Maximum 4.800E+00     
Minimum 1.900E-02     
Average 9.838E-01     
 
 
Table 18. 10 mM NaCl Column Sensitivity Results. 
Model RMSE 
Maximum 
Concentration 
Normalized RMSE 
Average 
normalized RMSE 
for constants 
Average 
normalized 
RMSE for 
Sites 
Best Fit 1.40E-09 1.18E-02     
kf,1*1/2 8.42E-09 7.07E-02 7.74E-02 8.87E-02 
kf,1*2 1.00E-08 8.40E-02 
kr,1*1/2 1.28E-08 1.07E-01 1.00E-01 
kr,1*2 1.11E-08 9.32E-02 
kf,2*1/2 9.49E-09 7.97E-02 7.87E-02 6.41E-02 
kf,2*2 9.26E-09 7.77E-02 
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Model RMSE 
Maximum 
Concentration 
Normalized RMSE 
Average 
normalized RMSE 
for constants 
Average 
normalized 
RMSE for 
Sites 
kr,2*1/2 9.49E-09 7.97E-02 4.94E-02 
kr,2*2 2.27E-09 1.91E-02 
Maximum 1.07E-01     
Minimum 1.91E-02     
Average 7.64E-02     
 
Where: 
kf,1 = forward rate constant for site 1 
kr,1 = reverse rate constant for site 1 
kf,2 = forward rate constant for site 2 
kr,2 = reverse rate constant for site 2 
 
100 mM NaCl Column Kinetic Model Sensitivity Results 
 
Figure 29. Forward rate constant sensitivity for site 1, 100 mM NaCl column. 
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Figure 30. Reverse rate constant sensitivity for site 1, 100 mM NaCl column. 
 
 
 
Figure 31. Forward Rate constant sensitivity for site 2, 100 mM NaCl column. 
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Figure 32. Reverse rate constant sensitivity for site 2, 100 mM NaCl column. 
 
10 mM NaCl column Sensitivity Results 
 
Figure 33. Forward rate constant sensitivity for site 1, 10 mM NaCl column. 
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Figure 34. Reverse rate constant sensitivity for site 1, 10 mM NaCl column. 
 
 
 
Figure 35. Forward rate constant sensitivity for site 2, 10 mM NaCl column. 
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Figure 36. Reverse rate constant sensitivity for site 2, 10 mM NaCl column. 
 
 
Equilibrium Modeling Results 
 
Figure 37. Langmuir model fit to 100 mM NaCl column data. 
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Figure 38. Langmuir model fit to 10 mM NaCl data. 
 
 
 
Figure 39. Freundlich model best fit to 100 mM NaCl data. 
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Figure 40. Freundlich model best fit to 10 mM NaCl data. 
 
 
Table 19. Estimated Freundlich and Langmuir constants for the 100 mM NaCl Column. 
100 mM NaCl Column 
Freundlich constant 28 m^3/kg 
Freundlich exponent 1.5 dimensionless 
Langmuir constant 9.8 m^3/mol 
adsorption capacity 0.08 mol/kg 
 
 
Table 20. Estimated Freundlich and Langmuir constants for the 100 mM NaCl Column. 
10 mM NaCl Column 
Freundlich constant 225 m^3/kg 
Freundlich exponent 1.47 dimensionless 
Langmuir constant 0.0185 m^3/mol 
adsorption capacity 0.07 mol/kg 
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Steady state Hanford and SRS analysis results 
 
 
Figure 42. steady state activity along flow path from F area, SRS. 
 
 
 
Figure 43. steady state activity along flow path from 200 area, Hanford. 
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Chapter V. CONCLUSIONS 
 
 
Cs breakthrough was observed in saturated column experiments, and the data were used 
to characterize Cs transport in SRS soil with an emphasis on the kinetics of competitive 
sorption. Mathematical were implemented to describe geochemical properties of 
groundwater as well as SRS geological materials.  
Major findings from this research are as follows: 
1. Competition between Cs and other alkali and alkali earth ions for sorption for 
sorption/IX sites can alter Cs mobility. 
2. Increasing the concentration of competing ions reduces Cs sorption and increases 
mobility. 
3. Due to the dynamics of the competition and ion exchange processes, equilibrium 
models are insufficient for describing the behavior. 
4. The ion exchange reaction appears to follow two steps with an initial exchange on 
FESs followed by diffusion of Cs into interlayer sites on 2:1 clays. 
5. The implication of the model is that Cs sorption has an aging step (via diffusion 
into the interlayers) that leads to aging. 
6. Cs sorption to interlayer sites is reversible. 
The numerical transport model developed in this study was used to estimate 
global rate constants in rate expressions for both types of binding sites able to fit both 
active flow and stop-flow events from column tests conducted at two NaCl 
concentrations. This model, which uses estimated rate constants that apply to 
groundwater systems in the presence or absence of flow, can be used to predict the 
transport of Cs under a variety of influent Cs concentrations, competing ion 
concentrations, and soil cation exchange capacities. Accurate Cs transport predicted by 
  100 
this model will aid in developing better predictions of Cs exposure, which can be utilized 
by environmental regulators and risk assessors to make well-informed decisions 
concerning Cs contamination and public health risk. 
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Chapter VI. FUTURE WORK 
 
 
Using the volumetric flow rates and influent concentrations in this study, 
additional saturated SRS soil column breakthrough experiments could be conducted 
where the point of Cs breakthrough can be predicted, and more Cs loading can be 
conducted to allow the system to reach steady state. Additional stop-flow experiments 
should be conducted after Cs breakthrough in which more periods of stop-flow with a 
more systematic change in the duration of stop-flow are conducted in order to further 
characterize the effects of Cs aging. Cs loading with these same influent concentrations 
and rates could be conducted for longer periods of time in or to allow the system to reach 
steady state. Further Cs desorption experiments could be conducted to examine of the 
transport model and rate constants from this study also apply under conditions of 
desorption. Cs column breakthrough experiments should also be conducted in which 
other parameters, such as volumetric flow rate, pH, and influent Cs concentration are 
varied in order to verify that the global rate constants estimated in this study are 
applicable under a variety of hydrogeologic conditions. Other competing ions, such as 
potassium, calcium, and magnesium, should be used in transport studies in order to study 
the effect of ionic radius, hydrated radius, charge, as well as other chemical properties, on 
ion competition. These parametric variations should also be conducted at the field scale 
to verify the estimated parameters from these modeling studies are applicable to a larger 
system. The transport model could be further developed by implementing a third binding 
site and investigating the goodness of fit under these conditions.  
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APPENDIX A 
Soil Properties 
 
 
Table A1: Chemical and physical properties of SRS soil. 
Property Surface Measurement 
Area 14.1 m2/g 
Sand/Silt/Clay 66/14/20 
Organic matter 0.90% 
CEC 3.3 meq/100g 
Acidity 2.4 meq/100g 
CBD extractable Fe 6.01 ± 0.68 mg/g 
CBD extractable Al 1.98 ± 0.20 mg/g 
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APPENDIX B 
3H Tracer Modeling 
 
 
 
Figure B1: Measured initial activity normalized tritium (orange triangles) and Modeled initial 
activity normalized tritium (blue line). Data were obtained using LSC laboratory analytical 
techniques described in the Materials and Methods section. 
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APPENDIX C 
Data used in figures (captions indicate Figure # in text) 
 
 
Table C1. ICP-MS data for the adsorption experiment in the 100 mM NaCl column. 
cumulative volume 
(cm^3) 
pore volumes time(min) [133Cs] 
(ppb) 
standard 
deviation 
11.16 0.20 40 0.525 0.56 
44.39 0.81 55 0.431 0.463 
77.7 1.42 70 0.652 0.06 
109.9 2.01 85 0.622 0.023 
137.79 2.52 100 0.608 0.012 
171.41 3.13 115 0.627 0.064 
205.08 3.75 130 0.611 0.009 
238.71 4.37 145 0.716 0.086 
272.6 4.99 160 0.758 0.009 
306.06 5.60 175 0.922 0.103 
339.73 6.21 190 1.071 0.006 
373.48 6.83 205 1.298 0.01 
407.16 7.45 220 1.805 0.176 
440.85 8.06 235 2.111 0.012 
474.59 8.68 250 2.627 0.009 
508.16 9.29 265 3.266 0.064 
541.83 9.91 280 3.83 0.023 
575.61 10.53 295 4.658 0.094 
609.19 11.14 310 5.631 0.157 
642.82 11.76 325 6.285 0.193 
676.47 12.37 340 7.452 0.466 
710.1 12.99 355 8.923 0.59 
743.66 13.60 370 10.3 0.777 
777.3 14.22 385 11.19 0.188 
810.87 14.83 400 13.04 1.076 
844.54 15.45 415 14.05 0.072 
878.27 16.06 430 15.34 0.052 
911.8 16.68 445 17.63 0.665 
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cumulative volume 
(cm^3) 
pore volumes time(min) [133Cs] 
(ppb) 
standard 
deviation 
945.44 17.29 460 19.06 0.051 
979.1 17.91 475 20.55 0.728 
1012.6 18.52 490 22.77 0.794 
1046.22 19.13 505 24.03 0.192 
1079.99 19.75 520 25.95 0.158 
1113.63 20.37 535 28.69 1.999 
1147.32 20.98 550 29.75 1.205 
1181.12 21.60 565 31.84 0.406 
1248.6 22.83 595 35.4 0.917 
1282.29 23.45 610 37.82 1.507 
1316.09 24.07 625 38.97 0.25 
1349.96 24.69 640 40.7 0.388 
1383.65 25.30 655 42.96 1.221 
1417.37 25.92 670 44.88 1.166 
1451.27 26.54 685 44.92 0.912 
1484.93 27.16 700 47.29 0.383 
1518.78 27.78 715 49.1 0.308 
1552.57 28.39 730 51.08 0.293 
1586.15 29.01 745 51.88 1.066 
1653.5 30.24 775 56.18 0.703 
1687.27 30.86 790 57.76 0.203 
1788.48 32.71 835 61.11 1.1 
1822.14 33.32 850 61.79 1.699 
1956.88 35.79 910 68.34 0.209 
2024.2 37.02 940 70.22 0.448 
2057.79 37.63 955 71.98 0.468 
2091.27 38.25 970 74.57 1.922 
2124.77 38.86 985 75.63 0.387 
2376.81 43.47 1100 83.57 2.21 
2410.27 44.08 1115 83.57 0.363 
2443.95 44.70 1130 85.04 0.46 
2477.48 45.31 1145 87.79 0.185 
2544.68 46.54 1175 90.98 0.721 
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cumulative volume 
(cm^3) 
pore volumes time(min) [133Cs] 
(ppb) 
standard 
deviation 
2609.67 47.73 1205 96.92 1.155 
2676.75 48.95 1235 95.56 0.567 
2721.22 49.77 1255 97.95 0.865 
2743.46 50.17 1265 97.78 0.675 
2900.14 53.04 1335 104.4 1.539 
2967.44 54.27 1365 106.4 1.257 
3001.02 54.88 1380 109.9 0.609 
3034.71 55.50 1395 110 1.454 
3068.35 56.11 1410 108.9 0.596 
3202.37 58.57 1470 113.6 0.719 
3269.13 59.79 1500 118.3 1.71 
3369.4 61.62 1545 117.9 1.077 
3536.6 64.68 1620 122.9 0.566 
3670.38 67.12 1680 128 0.981 
3703.71 67.73 1695 129.4 0.083 
3770.48 68.96 1725 130.5 0.39 
3803.95 69.57 1740 129.8 0.592 
3870.81 70.79 1770 137.2 0.927 
4004.66 73.24 1830 133.4 0.745 
4038.15 73.85 1845 132.9 1.118 
4238.81 77.52 1935 135.2 0.863 
4486.66 82.05 1985 83.4 2.868 
4510.1 82.48 1995 83.85 1.673 
4545.54 83.13 2010 84.51 0.373 
4557.33 83.35 2015 84.81 0.272 
4652.17 85.08 2055 87.4 0.424 
4675.84 85.51 2065 88.46 0.267 
4687.74 85.73 2070 88.7 3.428 
4710.93 86.15 2080 89.14 1.68 
4722.7 86.37 2085 90.25 8.577 
4758.15 87.02 2100 90.94 2.553 
4769.83 87.23 2105 91.34 2.202 
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Table C2. ICP-MS Data for the desorption experiment in the 100 mM NaCl column. 
time(min) [Cs] (ppb) st. dev 
2165 174.7 5.371 
2285 75.95 5.036 
2405 22.38 0.251 
2525 8.908 0.269 
2645 5.232 0.149 
bvc2765 3.475 0.042 
2885 2.368 0.044 
3005 1.73 0.041 
3125 1.347 0.057 
 
 
Table C3. ICP-MS data from adsorption experiment in the 10 mM column. 
cumulative 
volume(cm^3) 
pore 
volumes time(min) 
[133Cs] 
(ppb) 
standard 
deviation 
93.08 1.74470478 182 0.024 0.008 
392.74 7.361574508 332 0.026 0.008 
496.35 9.303655108 382 0.079 0.003 
602.37 11.29090909 432 0.199 0.015 
718.36 13.46504217 482 0.408 0.039 
818.43 15.34076851 532 0.679 0.007 
924.37 17.32652296 582 0.991 0.106 
1030.31 19.31227741 632 1.488 0.016 
1134.74 21.26972821 682 2.108 0.154 
1240.17 23.24592315 732 2.673 0.015 
1346.37 25.23655108 782 3.464 0.259 
1452.88 27.23298969 832 4.245 0.126 
1552.82 29.10627929 882 5.061 0.49 
1659.19 31.10009372 932 5.98 0.064 
1765.2 33.08716026 982 7.022 0.747 
1871.49 35.07947516 1032 8.268 0.135 
2016.56 36.87929773 1102 7.539 0.098 
2121.94 38.80651061 1152 9.216 0.15 
  109 
cumulative 
volume(cm^3) 
pore 
volumes time(min) 
[133Cs] 
(ppb) 
standard 
deviation 
2226.73 40.72293343 1202 10.41 1.026 
2331.86 42.64557425 1252 10.48 0.87 
2437.12 44.57059254 1302 11.59 0.308 
2542.29 46.49396489 1352 12.79 0.269 
2648.63 48.43873446 1402 13.18 0.518 
2753.97 50.3652158 1452 14.3 0.413 
2859.67 52.29828091 1502 14.56 0.611 
2965.25 54.22915143 1552 15.74 0.113 
3071.01 56.16331383 1602 16.85 1.068 
3177.29 58.1069861 1652 17.85 0.951 
3282.68 60.03438186 1702 18.23 1.57 
3388.31 61.96616679 1752 19.57 1.858 
3494.78 63.91331383 1802 19.68 0.67 
3601.04 65.85662034 1852 20.41 1.399 
3706.8 67.79078274 1902 22.99 1.943 
3813.39 69.74012436 1952 22.99 0.194 
3920.89 71.70610827 2002 23.39 1.21 
3996.06 74.9027179 2037 10.09 0.086 
4028.84 75.51715089 2057 10.31 0.095 
4050.75 75.92783505 2067 10.58 0.867 
4073.05 76.34582943 2077 10.92 0.178 
4095.13 76.75970009 2087 11.27 0.37 
4117.4 77.17713215 2102 11.76 0.128 
4139.53 77.59194002 2112 12.61 0.441 
4160.4 77.98313027 2122 12.45 0.337 
4171.46 78.19044049 2132 12.69 0.188 
4193.89 78.6108716 2142 12.95 0.226 
4249.85 79.65979381 2172 13.75 0.063 
4294.75 80.50140581 2197 14.44 0.288 
4305.91 80.71059044 2202 15.15 0.058 
4317.1 80.92033739 2212 15.59 0.811 
4339.63 81.34264292 2222 15.56 0.47 
4362 81.76194939 2232 14.88 0.573 
  110 
cumulative 
volume(cm^3) 
pore 
volumes time(min) 
[133Cs] 
(ppb) 
standard 
deviation 
4373.22 81.97225867 2237 15.59 0.093 
4380.34 82.10571696 2242 15.83 0.095 
 
 
Table C4. ICP-MS data for desorption experiment in the 10 mM column. 
time (min) [Cs](ppb) st. dev 
2302 81.10 0.334 
2422 79.18 3.689 
2542 101.5 0.694 
2662 94.56 1.191 
2782 76.04 6.119 
2902 75.17 2.644 
3022 63.53 5.118 
3142 63.66 2.301 
3262 51.64 1.182 
 
 
Table C5. 3H LSC data for the 10 mM column. 
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Table C6. 3H LSC data for the 10 mM column continued. 
vial 18.\par Time CPMA CPMB CPMC 
19 15 5 16 20 844.47 
20 15 6 16 19 844 
21 15 4 16 19 935.57 
22 15 6 16 19 863.09 
23 15 13 24 29 751.1 
24 15 45 56 60 306.91 
25 15 101 112 115 175.52 
26 15 171 186 189 103.52 
27 15 247 261 264 78.28 
28 15 336 352 356 67.85 
29 15 386 405 409 60.45 
30 15 453 468 471 53.68 
31 15 497 518 521 52.58 
32 15 604 624 629 44.29 
33 15 636 655 659 38.4 
34 15 705 725 729 39.43 
35 15 730 754 758 36.73 
36 15 792 818 822 29.86 
37 15 848 874 878 31.23 
38 15 904 927 930 29.65 
39 15 931 960 963 26.7 
40 15 1030 1060 1063 27.1 
41 15 1111 1138 1142 26.31 
42 15 1111 1145 1148 24.08 
43 15 1188 1220 1223 24.58 
44 15 1209 1245 1248 22.68 
45 15 1323 1353 1356 24.89 
46 15 1337 1367 1371 21.52 
47 15 1341 1382 1385 23.6 
48 15 1392 1428 1431 25.01 
49 15 1438 1476 1479 22.88 
50 15 1426 1464 1467 22.99 
51 15 1450 1491 1494 20.36 
52 15 1536 1576 1579 20.61 
53 15 1536 1573 1577 21.78 
54 15 1480 1520 1523 22.24 
55 15 1529 1565 1568 21.41 
56 15 1494 1527 1530 22.12 
57 15 1377 1416 1419 24.33 
  112 
vial 18.\par Time CPMA CPMB CPMC 
58 15 1383 1416 1419 23.96 
59 15 1295 1329 1332 22.8 
60 15 1181 1215 1218 27.36 
61 15 1232 1264 1267 23.48 
62 15 1196 1224 1228 28.31 
63 15 1116 1152 1156 26.05 
64 15 1148 1174 1177 24.28 
65 15 1057 1089 1092 27.65 
66 15 959 990 993 29.57 
67 15 970 995 999 29.36 
68 15 935 963 966 29.14 
69 15 928 953 956 25.36 
70 15 825 852 855 30.45 
71 15 806 832 835 30.98 
72 15 752 779 782 33.61 
73 15 735 759 762 42.19 
74 15 680 703 707 36.74 
75 15 638 662 665 39.68 
76 15 609 631 633 39.77 
77 15 587 607 610 51.39 
78 15 563 586 589 36.23 
79 15 513 534 537 51.94 
80 15 502 523 526 44.29 
81 15 458 480 482 47.64 
82 15 438 455 458 51.68 
83 15 413 431 434 53.37 
84 15 386 405 407 62.4 
85 15 351 369 372 61.38 
86 15 352 368 371 68.56 
87 15 307 326 330 67.44 
88 15 300 316 319 71.07 
89 15 275 289 292 91.07 
90 15 259 278 281 89.27 
91 15 235 251 255 90.53 
92 15 221 238 241 99.17 
93 15 213 229 233 95.16 
94 15 201 216 218 106.86 
95 15 183 198 201 106.45 
96 15 172 186 190 94.9 
97 15 161 175 179 120.44 
98 15 149 163 166 131.97 
  113 
vial 18.\par Time CPMA CPMB CPMC 
99 15 147 163 167 149.35 
100 15 134 147 151 134.15 
101 15 125 138 142 166.98 
102 15 119 133 136 171.12 
103 15 110 122 125 154.78 
104 15 102 113 116 207.57 
105 15 96 109 113 208.08 
106 15 96 108 111 190.36 
107 15 87 99 102 234.42 
108 15 80 93 96 162.57 
109 15 82 94 97 231.53 
110 15 67 77 80 264.99 
111 15 65 77 80 273.91 
112 15 57 69 73 268.51 
113 15 52 65 68 279.85 
114 15 50 61 65 304.76 
115 15 45 56 59 299.75 
116 15 45 57 60 333 
117 15 41 53 56 344.24 
118 15 38 49 53 380.61 
119 15 35 45 48 415.41 
120 15 34 45 49 398.27 
121 15 33 45 47 370.3 
122 15 34 44 48 470.84 
123 15 28 41 43 387.73 
124 15 27 38 42 380.4 
125 15 23 35 39 513.64 
126 15 22 31 34 458.02 
127 15 24 36 40 441.56 
128 15 19 30 32 612.23 
129 15 19 29 32 517.6 
130 15 17 27 31 522.28 
131 15 15 27 30 565.1 
132 15 16 26 31 532.41 
133 15 16 28 31 546.78 
134 15 15 25 28 644.54 
135 15 14 24 27 482.38 
136 15 12 23 27 710.76 
137 15 12 23 27 676.61 
138 15 11 23 26 658.93 
139 15 11 22 25 622.65 
  114 
vial 18.\par Time CPMA CPMB CPMC 
140 15 12 23 26 650.92 
141 15 12 23 27 677.37 
142 15 9 19 22 824.96 
143 15 9 20 24 792.7 
144 15 10 23 26 796.1 
145 15 10 20 22 562.45 
146 15 9 18 21 671.34 
147 15 10 21 26 846.3 
148 15 9 20 23 660.9 
149 15 8 19 22 770.46 
150 15 9 22 24 642.55 
 
 
 
Figure C1. Counts as a function of energy for 3H LSC data from the 10 mM column. 
 
  115 
Table C7. 1D gamma data for the 100 mM column. 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
(channels) 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 4 4 2 6 6 7 8 10 6 7 7 5 6 9 4 4 6 10 5 8 6 8 10 6 5 
14 33 32 30 27 29 29 48 38 42 36 31 28 41 45 30 30 32 31 28 40 40 29 30 37 35 
15 40 39 45 32 47 34 47 44 46 37 37 36 39 33 40 43 35 48 61 45 32 32 34 41 36 
16 56 37 42 39 44 58 34 35 39 42 51 59 41 43 41 34 52 42 62 42 46 45 42 50 48 
17 29 43 35 38 44 43 33 44 45 50 43 47 48 43 33 36 44 61 43 57 42 55 46 39 51 
18 10 11 10 20 23 13 19 16 13 12 16 11 17 10 21 13 17 18 14 11 18 10 24 15 16 
19 16 15 11 12 16 14 11 17 23 12 18 16 6 15 14 5 8 11 12 12 7 6 10 4 18 
20 8 12 14 12 14 15 13 7 10 11 11 12 9 10 13 13 19 12 10 16 9 6 13 10 7 
21 18 8 15 12 8 8 9 13 11 21 11 13 17 19 12 15 15 20 11 17 8 12 16 11 25 
22 10 13 12 11 14 8 15 13 12 12 16 15 14 13 11 6 9 16 12 16 13 8 14 21 23 
23 13 9 12 12 11 17 12 24 14 20 23 22 21 13 14 20 14 14 20 24 15 13 11 15 16 
24 11 9 20 15 15 16 20 19 14 10 16 21 14 14 18 12 15 26 17 18 19 23 25 8 13 
25 18 19 18 17 19 18 19 20 17 15 14 17 24 17 19 17 11 19 10 14 14 12 19 18 24 
26 17 11 12 17 9 16 28 16 18 19 20 18 14 22 16 17 13 19 20 12 16 17 14 18 15 
27 13 17 12 20 27 21 18 21 20 16 18 20 12 21 12 20 13 20 10 19 13 17 17 18 17 
28 15 13 25 25 18 21 17 24 32 24 15 10 22 18 16 17 16 17 15 21 19 19 21 19 20 
29 21 15 26 22 11 13 20 17 16 12 15 14 18 12 12 15 25 21 26 22 16 16 20 17 25 
30 20 20 13 23 18 14 17 25 14 20 23 18 14 23 20 20 18 22 20 21 23 20 20 18 15 
31 10 22 8 10 18 17 20 20 23 21 11 17 24 22 15 17 29 19 18 22 20 13 12 20 14 
  116 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
32 19 23 25 19 14 31 22 22 21 15 20 22 14 20 21 25 18 25 18 22 15 28 18 14 22 
33 23 12 22 19 18 19 16 29 16 21 20 25 22 18 18 22 24 18 26 16 16 17 20 22 11 
34 11 16 19 19 26 21 20 19 13 17 22 9 25 9 26 19 16 24 21 23 25 29 15 22 20 
35 21 17 21 14 25 22 14 21 21 13 25 22 28 20 20 19 22 15 16 20 25 16 14 19 14 
36 11 27 16 22 27 16 31 25 24 18 20 27 25 25 30 22 25 22 15 22 21 20 19 23 18 
37 26 20 18 16 18 26 25 25 37 34 18 18 15 27 22 16 23 22 22 20 23 29 20 17 15 
38 18 20 25 25 30 28 25 22 24 23 28 19 32 27 27 30 27 24 27 22 26 31 21 11 16 
39 22 26 14 20 29 24 23 32 28 26 28 21 22 28 36 32 26 32 20 27 30 24 25 24 28 
40 25 26 17 25 32 25 32 26 25 20 26 20 21 31 30 25 33 34 25 23 20 27 20 19 18 
41 23 25 23 24 22 26 29 25 21 25 18 26 30 21 29 18 21 31 28 25 25 15 24 23 23 
42 20 18 27 19 32 25 24 30 25 30 19 29 36 34 27 24 35 22 17 25 22 20 25 33 27 
43 21 23 21 20 16 33 25 21 26 28 21 34 29 29 22 24 36 29 30 28 15 26 28 21 19 
44 21 23 25 32 17 30 29 30 24 28 27 28 18 28 30 25 22 27 21 35 28 25 34 29 24 
45 31 15 36 27 35 27 31 32 29 21 29 30 27 35 26 33 22 35 29 18 23 24 22 33 28 
46 29 34 31 24 31 25 35 29 20 32 27 28 27 21 21 20 25 30 19 35 19 18 23 27 26 
47 24 26 24 25 35 27 20 25 25 15 31 28 19 23 21 22 23 20 26 23 19 32 28 21 25 
48 25 22 26 32 28 26 20 30 26 26 23 17 31 31 26 28 28 20 15 25 25 29 23 30 24 
49 20 32 22 18 30 32 29 16 27 13 27 22 27 18 23 24 29 13 27 20 23 17 24 31 24 
50 25 25 21 25 31 23 28 19 25 30 32 18 27 33 26 36 18 13 24 21 22 18 19 13 18 
51 21 19 26 24 22 25 19 28 34 24 25 24 20 23 22 17 21 17 17 24 18 18 14 27 26 
52 15 23 20 23 25 27 13 17 30 15 29 20 26 25 19 27 16 18 13 28 22 23 16 27 18 
53 23 16 20 25 26 26 23 22 23 15 23 23 14 28 17 22 14 11 18 15 18 14 20 17 24 
54 16 21 22 26 25 24 25 21 16 20 19 27 21 17 19 24 23 22 15 21 11 18 23 23 16 
55 24 11 17 19 15 18 17 8 20 24 25 10 21 14 14 12 26 21 27 21 19 13 19 20 13 
56 19 15 23 14 16 17 18 24 19 12 16 13 16 24 21 13 20 22 17 19 26 14 12 25 20 
57 16 22 27 18 22 13 22 21 21 18 16 15 18 15 17 25 16 14 18 19 22 17 23 20 16 
58 11 15 15 20 18 19 20 13 21 14 12 8 20 23 13 12 16 15 18 18 17 14 14 17 10 
59 11 14 12 18 23 17 18 17 15 22 13 6 22 14 16 20 16 24 14 13 18 15 17 19 16 
60 14 12 3 9 11 18 8 15 17 23 15 13 12 12 9 16 14 14 14 16 14 14 13 15 19 
61 17 16 8 18 17 17 18 16 19 9 12 18 16 16 18 17 15 17 12 16 13 14 19 13 19 
62 14 9 13 18 17 17 24 16 23 18 19 7 11 9 16 16 18 15 14 12 14 18 7 7 16 
63 6 7 16 15 12 15 14 15 12 11 9 15 14 18 12 26 13 13 9 13 9 12 10 12 13 
64 9 14 11 8 17 12 6 13 18 13 12 16 10 8 18 11 18 5 15 14 13 7 10 17 16 
65 14 17 9 9 16 12 16 11 10 19 7 20 16 17 15 14 10 14 15 16 12 11 13 18 4 
  117 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
66 13 11 19 9 14 12 16 20 13 10 17 14 8 22 6 19 12 11 10 11 8 21 9 14 15 
67 12 14 11 9 15 12 16 17 16 16 12 16 6 10 13 14 18 17 7 18 10 12 11 9 9 
68 20 14 7 11 14 15 12 8 10 15 11 10 17 8 13 12 9 7 16 8 15 14 9 11 12 
69 7 7 9 13 11 10 14 7 17 17 13 12 17 8 14 8 13 10 6 13 16 16 9 14 12 
70 11 16 10 11 10 13 6 15 9 7 12 14 10 13 10 12 12 8 6 5 11 8 13 9 10 
71 10 13 9 10 13 11 12 7 14 14 12 9 10 9 15 12 8 11 7 10 15 14 15 14 12 
72 13 11 10 8 12 9 13 12 13 8 13 15 8 17 5 12 15 13 8 9 14 15 6 13 9 
73 9 11 9 15 14 8 11 13 13 15 10 13 17 11 12 10 10 14 9 13 10 17 14 8 12 
74 8 12 13 9 8 10 5 16 14 7 13 11 10 14 8 12 10 14 16 10 7 12 11 12 8 
75 10 10 11 9 11 8 17 11 12 7 17 10 17 15 16 7 18 14 10 17 9 8 11 9 10 
76 14 5 9 12 15 13 18 11 13 13 14 11 10 7 13 9 7 11 17 11 11 16 10 8 10 
77 14 9 20 13 10 11 14 14 15 14 6 9 12 10 12 6 8 24 15 16 10 12 11 11 11 
78 17 7 6 11 13 16 14 12 9 12 10 10 14 18 16 9 13 14 17 10 11 10 10 7 9 
79 17 8 7 13 12 11 9 12 15 8 14 9 6 12 6 11 12 11 9 12 11 15 14 15 8 
80 9 6 10 7 12 12 6 12 11 13 18 8 6 18 4 9 8 15 8 10 9 6 9 12 14 
81 9 14 17 9 13 11 10 15 14 9 12 20 13 9 7 10 15 12 9 9 17 9 24 20 17 
82 12 14 11 18 12 19 11 9 18 14 10 10 12 7 9 9 16 6 6 11 12 9 11 13 11 
83 10 9 10 10 11 10 13 17 14 13 12 11 9 15 13 18 15 11 11 13 14 4 13 17 5 
84 7 6 15 7 11 18 15 12 16 12 8 14 8 9 17 13 13 10 10 8 9 10 13 7 8 
85 10 8 7 11 12 16 12 11 12 10 13 10 12 7 10 13 15 7 5 11 10 9 4 9 12 
86 10 8 7 13 16 17 11 10 12 12 10 8 23 10 16 11 13 13 9 11 5 14 10 14 13 
87 6 12 7 10 5 7 7 14 8 13 10 8 11 14 11 10 8 11 8 13 14 14 16 10 9 
88 8 10 14 12 15 17 15 11 6 8 10 13 11 8 10 14 13 8 11 10 4 9 12 6 13 
89 15 10 11 11 13 13 15 12 14 9 14 12 10 14 9 18 12 11 7 12 8 5 13 9 9 
90 14 9 13 9 12 8 17 13 10 13 9 16 10 11 14 11 11 15 10 13 10 7 10 12 7 
91 11 10 12 10 10 12 9 13 12 9 15 17 18 13 21 18 9 9 16 8 5 11 14 7 13 
92 11 11 14 7 9 7 4 8 7 9 13 4 17 7 16 17 11 9 13 10 15 12 11 14 5 
93 8 16 11 17 14 11 12 16 24 10 9 10 14 12 18 16 12 13 10 11 17 12 9 8 12 
94 5 8 13 12 7 11 16 12 14 16 10 8 12 18 8 11 14 10 9 12 11 12 11 6 8 
95 13 13 6 10 15 18 16 10 12 17 13 14 12 15 7 14 14 7 15 9 8 8 11 8 8 
96 11 4 6 10 12 13 17 11 18 22 15 12 14 16 10 9 8 15 15 13 12 15 15 13 10 
97 14 15 13 14 7 17 9 13 9 11 10 14 14 12 7 11 9 6 15 8 14 15 10 10 9 
98 8 14 11 9 9 15 14 8 20 4 16 14 9 15 13 11 9 10 18 9 15 8 10 9 8 
99 12 9 16 6 12 15 10 7 9 14 17 11 17 8 8 14 14 11 8 18 6 12 19 12 9 
  118 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
100 5 8 10 8 11 7 13 16 17 6 11 9 8 11 9 13 11 8 8 9 10 14 10 9 7 
101 5 10 10 13 15 9 7 12 11 19 10 17 9 17 16 17 11 8 10 6 16 7 7 6 6 
102 13 13 9 9 8 9 22 8 7 10 8 7 8 13 12 17 11 7 17 15 9 11 11 9 8 
103 11 9 10 6 11 12 17 11 12 12 12 11 15 9 14 10 12 11 14 7 11 10 12 14 8 
104 6 7 6 14 9 6 13 6 15 10 9 16 17 19 8 14 8 9 10 10 15 13 11 11 12 
105 9 16 11 15 15 16 10 15 9 7 6 9 15 7 11 20 21 11 15 10 17 13 7 10 10 
106 7 11 12 9 20 16 13 9 9 11 15 14 9 10 12 10 7 5 6 14 11 14 9 9 11 
107 8 15 15 11 7 14 14 15 14 9 11 14 11 8 9 12 10 16 21 21 11 14 8 15 9 
108 8 6 8 10 5 9 14 9 9 11 3 11 12 17 4 17 8 9 6 7 5 16 7 8 9 
109 8 6 14 20 10 15 11 17 12 12 11 13 12 8 6 12 16 14 11 12 7 8 9 9 16 
110 13 11 16 14 12 10 12 12 10 11 13 11 12 8 11 12 9 20 10 15 12 11 13 6 10 
111 7 11 9 18 13 13 16 19 13 14 18 12 9 9 8 11 15 13 9 16 19 13 10 6 6 
112 12 12 7 11 16 6 12 11 7 10 10 6 14 15 17 15 9 4 10 17 14 15 11 10 14 
113 9 11 11 12 14 7 11 16 5 11 12 14 14 14 14 9 9 13 13 13 11 17 11 6 9 
114 11 8 11 20 9 5 13 12 13 11 13 8 12 10 15 12 12 11 12 14 14 12 13 17 7 
115 10 11 12 10 18 9 8 15 13 15 14 10 15 15 8 17 14 11 16 9 11 14 8 8 16 
116 12 14 11 10 12 17 19 17 10 18 10 10 13 15 16 16 5 19 12 11 10 13 6 9 16 
117 8 9 12 9 16 13 10 6 15 6 12 7 15 6 15 17 12 13 10 14 11 17 17 6 14 
118 7 11 11 13 14 16 7 8 10 13 14 11 7 14 11 14 8 15 5 12 7 12 13 11 12 
119 21 11 12 15 9 14 14 9 16 12 12 15 9 18 10 10 9 14 9 10 9 10 16 16 10 
120 9 13 7 12 12 11 6 15 12 3 12 9 9 7 12 8 8 15 11 5 4 11 10 8 11 
121 12 9 12 19 11 6 13 11 10 13 14 14 15 13 13 18 13 9 9 15 9 9 12 9 8 
122 10 8 6 9 12 11 19 5 9 8 18 18 14 10 17 13 11 7 11 12 6 17 9 9 5 
123 12 6 8 10 13 9 14 11 16 14 12 10 13 7 9 12 12 11 8 8 9 12 12 14 8 
124 9 11 7 9 12 14 9 18 15 11 23 6 14 15 10 7 18 14 11 9 9 11 11 4 9 
125 9 10 10 9 13 13 7 13 10 12 13 20 10 20 17 17 13 9 11 11 12 10 10 6 11 
126 6 11 11 16 17 8 11 11 16 10 7 14 15 12 16 17 15 9 6 15 16 9 10 13 8 
127 8 9 14 12 17 6 5 13 16 13 13 10 13 8 9 11 13 7 8 8 20 9 13 13 10 
128 10 9 7 10 10 7 11 7 10 18 8 14 13 19 4 8 9 17 7 14 17 9 15 12 16 
129 8 10 12 15 8 18 15 14 12 8 16 10 20 10 11 20 13 19 8 11 7 8 6 7 10 
130 11 10 13 10 17 9 12 7 14 11 17 12 10 11 12 11 10 11 6 11 21 12 10 8 6 
131 9 10 9 11 15 16 11 12 12 16 8 10 12 16 9 11 12 7 10 13 12 11 11 14 8 
132 12 8 16 13 7 12 15 7 11 14 11 11 12 10 16 8 9 9 8 10 7 7 8 13 4 
133 13 8 12 15 10 10 12 12 11 8 13 10 13 8 12 18 16 9 9 8 12 5 12 11 6 
  119 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
134 5 12 16 10 20 14 17 14 18 11 10 6 9 11 11 2 12 7 7 14 7 11 10 9 10 
135 9 8 17 12 14 14 14 15 13 11 10 4 13 17 14 10 14 12 10 15 13 8 8 14 7 
136 8 19 12 15 13 6 16 11 10 9 8 12 13 8 11 14 20 12 18 13 13 15 12 11 15 
137 9 18 6 10 14 13 15 9 11 7 13 11 16 8 13 3 13 10 9 6 13 9 11 5 9 
138 9 8 16 13 13 10 15 17 10 14 16 13 19 8 14 6 16 9 20 18 10 15 12 5 7 
139 10 6 8 10 15 15 13 13 10 9 11 10 12 7 10 11 10 11 9 11 15 11 13 11 13 
140 13 9 9 14 5 12 10 7 10 12 15 21 11 13 10 13 15 12 13 13 5 10 16 12 11 
141 8 11 10 11 11 12 13 8 13 19 11 16 5 15 10 10 11 14 6 14 12 11 12 12 12 
142 10 7 11 6 17 18 7 10 14 9 10 13 11 10 10 12 12 13 10 12 14 9 12 15 6 
143 8 15 19 9 10 10 6 13 12 15 13 10 11 13 10 12 5 17 9 8 16 13 11 8 6 
144 8 13 12 21 12 9 11 8 14 16 11 10 16 8 13 19 10 12 11 11 12 16 10 12 6 
145 11 18 8 9 13 15 9 12 6 6 15 12 10 10 11 14 17 12 10 12 13 6 9 6 10 
146 4 9 16 10 12 12 12 9 8 10 7 11 12 8 9 22 12 11 17 13 16 11 14 9 7 
147 6 10 14 9 9 11 15 7 10 6 9 10 17 10 10 7 8 12 8 9 10 9 8 12 6 
148 7 13 9 5 10 8 13 14 12 13 10 16 12 11 12 8 11 10 14 12 14 4 12 9 7 
149 9 10 15 17 14 13 11 11 14 8 15 15 10 8 11 17 9 19 15 13 12 7 6 11 15 
150 12 14 5 12 13 12 13 12 18 12 13 6 11 15 6 13 9 11 5 13 12 4 9 17 10 
151 11 7 9 10 14 12 9 12 10 11 21 13 14 5 14 10 8 10 13 19 18 14 8 13 7 
152 6 10 12 10 11 15 13 8 13 12 15 7 10 11 7 15 7 11 8 12 3 14 12 12 12 
153 6 12 11 11 16 10 21 11 12 17 9 12 10 16 8 9 14 14 9 13 8 9 15 9 8 
154 9 14 10 11 12 18 11 11 13 8 8 10 10 10 6 14 11 11 10 8 20 9 7 9 10 
155 7 7 11 10 15 11 15 6 17 16 4 9 17 7 12 12 15 10 10 6 17 7 7 9 12 
156 10 5 12 13 14 8 10 12 16 10 10 10 3 13 15 10 7 10 7 14 10 17 15 14 7 
157 14 13 9 14 9 11 11 17 10 6 11 8 11 10 11 14 8 11 8 11 10 7 6 7 9 
158 12 6 13 14 18 15 9 12 9 8 6 14 13 4 14 12 13 9 10 12 5 13 20 2 13 
159 7 8 11 14 8 13 10 13 19 15 13 10 5 9 13 11 14 5 7 12 15 8 7 8 11 
160 11 13 5 9 7 8 7 6 18 9 9 11 13 11 14 12 15 11 4 11 12 10 8 7 8 
161 9 9 6 12 15 17 14 10 7 9 13 13 7 13 8 13 7 10 11 15 8 9 8 11 7 
162 10 4 9 15 15 15 17 15 6 8 7 7 8 7 12 13 9 9 11 7 8 11 8 9 15 
163 11 15 10 9 7 10 15 9 8 11 5 10 15 17 8 14 15 17 12 13 16 10 12 14 6 
164 15 10 13 10 9 9 19 7 11 8 10 10 5 8 6 8 9 12 12 11 8 7 10 10 7 
165 12 4 14 8 13 13 7 6 14 11 7 11 10 4 10 7 10 9 8 7 13 4 7 11 10 
166 13 9 21 7 14 11 12 6 12 13 9 13 9 12 16 10 8 11 13 7 12 8 10 7 7 
167 12 6 15 12 15 13 14 13 13 15 10 11 5 12 12 11 12 16 14 12 8 8 10 13 5 
  120 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
168 8 9 8 9 12 14 16 14 8 8 6 13 8 10 8 14 8 10 12 12 5 8 7 10 8 
169 11 5 11 16 7 11 12 10 15 11 13 6 10 9 7 17 15 15 10 5 10 11 10 12 10 
170 11 11 9 11 11 8 12 12 4 14 13 16 9 13 10 11 18 7 13 16 7 6 7 18 22 
171 16 6 10 10 18 7 13 12 10 5 9 10 11 10 9 7 6 8 9 14 8 8 13 5 10 
172 12 2 8 5 12 16 9 15 11 10 6 9 10 10 13 11 12 9 4 11 6 8 11 13 8 
173 20 12 11 15 11 7 9 11 13 17 11 13 11 19 17 13 6 6 11 12 8 6 13 8 11 
174 12 14 6 10 13 10 6 5 9 9 10 8 4 11 8 13 8 10 8 7 10 17 14 8 15 
175 7 11 15 14 8 5 13 10 15 11 13 6 10 13 12 14 5 8 15 13 7 12 11 10 8 
176 8 7 9 8 5 12 9 10 15 12 5 15 12 8 10 7 19 12 8 7 8 8 6 2 10 
177 7 9 13 12 12 6 6 7 12 9 9 16 11 5 12 8 7 9 7 10 8 15 10 11 10 
178 5 10 8 10 13 16 12 10 12 7 10 12 3 17 6 10 7 11 7 9 10 6 10 18 8 
179 10 7 5 15 6 9 10 11 16 11 12 8 10 12 9 13 14 11 13 10 14 7 6 5 12 
180 10 7 5 12 7 8 10 11 11 7 7 16 7 10 10 19 5 8 11 11 6 6 8 9 6 
181 3 10 12 8 13 10 12 17 8 11 11 15 8 12 17 11 8 12 7 12 7 12 9 6 12 
182 10 14 12 11 9 5 10 16 6 12 19 10 13 10 7 8 15 3 8 6 12 8 7 8 3 
183 8 9 12 9 15 8 6 10 7 7 21 12 6 10 12 7 9 13 9 12 9 14 11 6 9 
184 10 8 12 15 9 10 9 14 11 7 8 6 12 13 8 10 5 9 12 8 10 13 11 9 9 
185 8 11 8 9 15 11 8 10 13 5 11 14 10 9 14 14 13 8 13 9 5 9 12 5 11 
186 8 9 8 8 11 18 6 11 14 6 12 9 14 12 12 10 6 12 13 12 11 4 11 10 13 
187 4 10 12 7 15 9 10 5 9 6 10 9 11 6 8 11 10 13 7 7 5 7 7 8 6 
188 8 13 14 9 11 14 11 14 13 12 9 10 7 8 10 8 7 10 10 10 9 12 17 7 13 
189 6 12 9 10 12 14 10 11 8 9 8 7 9 7 10 11 9 9 11 6 13 7 10 11 14 
190 13 5 6 9 9 7 18 7 15 15 8 9 9 16 14 9 7 15 7 7 9 13 11 5 4 
191 9 8 12 12 9 11 12 12 13 11 17 8 12 9 14 13 15 11 8 8 12 16 14 6 6 
192 13 4 15 20 9 14 12 13 10 11 12 15 10 6 13 3 7 9 7 13 7 7 11 8 14 
193 9 10 12 11 9 6 15 17 20 11 8 10 8 8 9 21 6 13 5 9 7 15 9 11 11 
194 7 3 6 9 20 10 4 11 8 14 10 5 12 16 9 11 2 7 11 8 14 8 13 9 9 
195 13 11 11 6 11 11 8 13 17 15 4 16 11 10 7 7 8 6 7 10 6 11 13 7 6 
196 11 13 10 10 16 16 10 16 10 17 13 9 8 8 9 8 10 5 9 7 15 6 16 6 8 
197 5 9 13 17 12 17 10 8 15 9 14 12 10 9 17 9 7 7 6 8 13 11 6 6 8 
198 3 13 14 11 11 13 13 14 9 14 9 9 6 9 11 11 6 11 8 11 13 7 8 6 9 
199 6 8 12 5 5 13 8 6 12 8 10 10 9 9 12 3 14 10 10 7 6 11 10 8 9 
200 20 6 6 13 12 8 13 7 10 6 5 6 10 10 8 7 9 9 14 12 11 14 11 5 8 
201 11 8 8 11 11 8 11 8 9 7 12 15 6 9 12 13 7 9 12 5 8 8 9 3 7 
  121 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
202 9 16 18 5 3 11 13 12 14 7 9 12 11 8 10 11 7 5 9 9 12 9 7 9 6 
203 7 13 11 13 12 8 6 11 15 8 10 12 11 5 5 8 10 14 7 9 10 12 12 10 12 
204 10 9 9 8 15 18 16 11 8 14 14 12 11 13 6 13 8 11 11 6 8 15 10 7 10 
205 6 7 10 9 8 17 15 6 11 10 13 9 13 10 7 6 3 6 12 17 15 10 10 11 8 
206 7 10 16 9 11 12 9 16 12 11 15 11 9 7 11 13 11 6 12 8 11 17 14 7 9 
207 6 10 14 5 10 11 11 14 9 16 11 8 10 13 9 9 13 12 12 12 10 10 12 11 15 
208 10 6 13 14 10 13 7 8 10 10 10 10 15 7 14 10 7 8 19 11 10 11 11 2 8 
209 9 11 6 11 13 12 11 8 9 5 10 15 9 11 7 9 10 12 8 9 7 8 11 11 8 
210 7 8 9 12 9 15 9 16 13 10 10 14 11 15 13 10 8 14 6 7 11 14 8 7 9 
211 11 14 8 8 11 12 17 10 9 12 15 10 6 10 3 9 11 15 7 10 17 13 5 6 10 
212 5 7 14 9 6 11 6 13 11 11 5 12 5 10 9 11 9 11 15 13 13 10 10 11 7 
213 11 15 9 10 9 13 4 8 10 9 10 9 10 9 13 10 9 6 9 12 8 3 6 8 9 
214 11 7 8 12 11 8 15 14 11 9 9 8 17 7 6 6 9 12 14 12 7 11 8 13 7 
215 13 6 11 5 10 9 12 11 13 8 14 7 13 12 9 11 7 13 11 11 14 12 7 7 8 
216 16 10 10 6 9 11 11 8 6 16 11 13 7 11 7 11 8 8 7 8 11 3 6 10 6 
217 10 15 12 6 7 15 14 8 7 14 15 10 7 12 7 13 9 6 10 2 6 10 3 5 5 
218 9 5 6 16 10 7 12 15 4 13 8 12 12 13 9 12 9 13 13 13 7 8 8 10 4 
219 7 8 8 6 10 10 9 9 17 13 13 11 9 13 8 6 15 10 13 10 9 21 9 9 12 
220 6 5 12 5 6 13 10 11 7 7 12 13 7 11 6 12 4 8 5 5 7 8 13 11 6 
221 12 7 11 10 11 11 12 10 11 10 13 9 12 8 9 9 10 10 13 8 13 8 10 8 5 
222 9 6 11 9 17 13 8 12 14 5 10 14 5 8 11 9 11 11 16 11 13 11 8 5 3 
223 7 6 3 9 5 11 10 10 6 11 9 8 13 8 7 10 11 19 16 9 11 9 8 9 8 
224 12 4 13 6 13 6 10 16 12 14 5 13 10 12 11 15 9 10 13 11 10 10 5 14 16 
225 6 9 16 15 17 12 11 5 5 12 12 10 14 12 12 8 11 13 6 9 7 7 10 9 9 
226 9 3 6 12 7 9 6 11 10 8 7 6 9 15 9 11 11 8 11 9 7 11 7 11 7 
227 6 9 8 9 12 13 10 6 5 7 5 11 17 9 16 9 9 10 3 9 12 9 7 6 7 
228 11 6 13 7 7 11 10 10 9 7 7 9 7 2 7 6 5 9 8 10 8 5 7 9 6 
229 12 5 4 10 9 7 6 17 18 6 13 6 13 10 13 9 13 12 9 9 6 10 16 8 10 
230 11 8 14 9 9 13 6 10 11 8 9 5 10 14 8 11 12 7 6 12 8 8 8 10 4 
231 12 6 8 16 11 9 13 10 11 10 14 8 13 8 11 10 7 12 10 10 5 8 13 9 13 
232 14 12 11 8 5 12 8 8 4 12 5 16 12 12 15 10 10 16 15 9 8 10 10 6 10 
233 10 8 14 13 18 12 11 10 11 13 10 18 7 17 19 6 14 10 11 17 10 11 6 7 10 
234 11 15 15 12 15 17 17 13 19 14 10 12 11 8 10 22 16 13 18 11 12 11 8 10 10 
235 14 12 11 20 18 12 10 15 15 13 10 12 11 14 15 13 15 12 17 13 18 11 5 13 9 
  122 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
236 9 21 22 13 19 26 21 15 18 17 17 18 18 20 17 18 13 11 13 21 14 12 6 18 7 
237 19 24 20 22 20 19 26 19 16 32 16 20 16 23 23 22 20 10 21 14 17 17 13 17 14 
238 18 25 21 29 23 18 19 18 15 19 16 11 16 26 24 16 23 15 22 17 24 18 16 27 23 
239 22 17 21 34 29 29 18 21 33 22 20 23 26 30 26 14 20 18 22 28 23 23 18 19 34 
240 29 31 29 35 32 29 22 29 34 29 23 21 31 34 21 34 25 21 24 21 24 26 21 20 24 
241 27 31 30 33 36 39 31 38 39 34 30 32 43 36 39 22 21 32 27 21 39 28 25 33 23 
242 34 30 35 41 36 34 41 41 34 22 36 32 40 35 30 32 28 25 35 26 29 30 23 34 43 
243 43 30 48 31 32 37 37 45 36 29 29 32 43 39 34 29 55 34 37 31 34 24 32 29 42 
244 37 39 40 40 40 46 31 40 34 37 48 44 42 34 37 43 33 29 40 40 38 28 26 34 36 
245 36 31 36 41 32 36 40 42 36 39 37 42 34 41 36 33 43 41 49 24 40 31 33 46 38 
246 40 40 38 44 47 41 50 37 41 36 52 57 44 39 42 45 47 34 47 45 45 38 34 47 35 
247 33 41 42 37 45 38 43 38 40 37 43 43 39 32 54 43 30 35 30 39 59 26 40 38 49 
248 42 44 46 39 44 49 40 41 40 43 38 45 50 46 32 54 44 40 39 41 44 44 47 48 47 
249 46 42 32 48 48 33 41 42 43 56 48 40 40 47 51 41 49 44 42 50 39 32 39 36 41 
250 45 32 56 50 37 36 45 42 38 53 45 43 46 35 53 34 45 50 46 36 40 45 44 37 34 
251 40 39 47 43 37 39 42 52 33 38 36 45 43 43 36 40 49 39 34 47 45 44 45 37 30 
252 36 40 40 34 38 43 46 48 44 60 51 42 51 34 40 57 51 36 25 48 38 46 45 35 35 
253 38 35 43 37 42 38 48 46 26 33 36 44 33 41 39 39 50 43 36 46 42 43 42 40 37 
254 41 49 43 48 38 45 39 43 37 42 37 44 44 26 33 33 34 47 38 47 42 45 40 28 36 
255 40 38 51 31 43 35 36 47 27 34 31 45 36 39 32 29 36 33 36 37 38 46 38 40 49 
256 34 30 37 36 40 48 46 34 42 33 39 48 43 37 38 37 28 26 35 46 41 24 35 31 38 
257 28 43 36 31 49 32 31 37 28 35 44 29 36 35 37 35 40 33 44 46 25 44 25 37 24 
258 28 35 34 35 35 37 41 31 36 36 34 31 32 39 25 35 38 34 30 51 32 37 25 34 47 
259 26 34 31 27 30 38 35 40 29 29 29 31 25 30 50 37 44 30 43 33 34 29 26 32 38 
260 22 22 28 29 30 30 34 27 23 32 35 40 36 40 34 36 38 51 35 30 34 27 27 31 37 
261 36 20 27 30 19 24 24 33 30 43 33 29 40 34 30 31 32 37 25 36 31 24 28 24 26 
262 35 29 37 29 27 29 24 39 23 41 22 37 29 25 38 26 32 32 35 29 29 27 32 36 18 
263 16 32 30 26 29 25 26 37 31 30 20 40 32 25 33 29 27 24 27 26 33 24 29 24 31 
264 28 30 20 14 22 17 21 33 30 28 23 30 25 23 28 31 32 31 25 45 20 28 32 26 32 
265 22 36 21 27 25 18 27 26 28 21 32 25 44 18 32 21 23 15 32 33 23 30 25 27 28 
266 28 22 27 22 26 23 30 18 20 20 23 34 22 25 22 26 21 24 29 18 33 21 25 30 30 
267 25 26 28 16 17 21 21 25 29 21 26 28 24 24 25 23 30 20 29 26 23 17 23 31 19 
268 29 25 35 24 36 22 20 29 24 24 27 28 29 22 18 22 27 30 27 20 23 20 23 22 20 
269 30 24 24 20 20 29 36 22 33 19 27 29 23 22 29 19 21 26 19 20 29 15 17 27 22 
  123 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
270 28 19 24 27 23 19 27 23 28 20 23 21 22 25 28 17 29 25 21 23 29 24 23 14 22 
271 20 29 19 24 30 28 10 16 18 34 21 24 20 23 26 21 15 21 17 25 23 16 23 15 20 
272 19 17 11 25 24 18 20 33 31 19 23 21 18 19 16 19 32 28 30 24 21 16 25 16 23 
273 17 27 18 25 17 30 24 24 16 21 14 24 15 16 22 28 10 27 21 24 28 16 23 19 19 
274 32 21 16 18 22 18 25 14 19 18 29 19 17 22 19 16 21 26 31 11 17 27 22 12 23 
275 25 18 15 19 15 21 12 17 17 13 10 23 22 18 21 19 22 16 18 18 17 21 19 18 25 
276 12 15 18 25 19 18 23 17 18 12 22 10 21 22 12 15 17 21 17 16 22 24 16 14 15 
277 20 17 11 20 25 15 15 25 14 16 18 17 20 21 20 16 19 19 24 14 12 20 15 14 17 
278 18 18 13 18 15 15 14 15 19 17 19 15 13 19 21 20 17 24 20 21 15 24 21 16 19 
279 17 15 15 14 17 20 15 22 15 25 18 12 16 16 12 22 17 13 20 15 17 20 17 15 14 
280 20 18 18 18 19 24 9 24 21 19 13 19 18 20 16 12 12 15 15 20 17 20 16 15 11 
281 8 16 16 15 21 18 10 14 10 18 23 10 12 16 22 18 13 19 15 20 16 15 14 22 13 
282 11 16 13 20 20 11 16 18 15 13 21 16 20 12 13 16 20 27 20 14 20 21 16 12 18 
283 14 14 19 14 14 17 24 10 21 19 18 13 28 20 12 12 12 14 11 18 24 15 25 20 19 
284 9 9 16 24 13 22 18 18 15 11 21 22 13 17 18 9 20 16 9 19 14 16 12 11 18 
285 17 8 14 12 14 25 8 21 17 18 10 17 8 19 16 13 14 19 22 13 16 18 15 12 13 
286 12 14 10 13 17 15 17 14 22 14 19 16 11 23 18 16 17 17 11 15 20 8 14 17 10 
287 18 11 16 19 13 19 19 13 9 5 12 20 14 15 18 19 15 19 20 14 12 16 19 11 19 
288 5 18 18 10 12 13 19 13 16 9 19 18 15 13 9 20 18 16 14 15 22 19 12 16 13 
289 15 12 13 8 16 13 15 24 11 16 16 16 15 17 16 10 14 12 16 17 15 19 14 12 11 
290 15 11 21 13 20 10 13 13 15 13 15 11 17 14 18 11 11 12 13 14 19 11 11 14 15 
291 13 10 22 13 18 13 15 12 9 12 13 11 12 16 15 15 22 21 10 11 13 13 8 10 12 
292 16 17 17 11 13 7 18 17 13 18 15 8 14 14 20 13 10 12 12 9 15 12 9 14 17 
293 15 16 16 19 8 17 11 13 17 12 18 18 14 17 20 13 20 21 8 11 10 7 14 14 12 
294 10 16 13 9 14 13 15 14 14 23 9 11 16 10 13 17 17 12 12 11 12 12 12 8 17 
295 14 9 9 13 11 12 10 14 13 10 7 14 16 15 15 9 6 15 10 15 10 16 14 10 7 
296 11 12 16 10 13 7 19 12 11 11 14 15 15 10 7 9 10 9 15 18 8 15 17 10 6 
297 8 17 12 13 13 12 14 14 11 21 13 12 9 19 13 11 9 12 5 20 7 4 16 3 11 
298 16 21 15 13 9 17 12 15 14 19 10 14 18 10 12 14 17 17 11 11 8 10 13 13 11 
299 11 11 7 18 7 13 9 13 18 17 13 11 10 16 13 19 8 18 12 13 8 9 11 15 9 
300 9 8 7 14 9 4 17 15 9 13 10 17 12 14 14 19 15 15 8 10 8 13 9 8 14 
301 6 17 9 14 14 11 14 15 10 13 10 17 13 19 13 14 10 7 8 8 9 12 15 4 14 
302 9 15 12 16 11 11 17 12 11 7 11 20 14 18 3 12 13 11 17 12 9 6 9 7 3 
303 8 10 10 18 10 11 13 15 6 13 15 11 12 14 12 11 16 12 10 7 11 9 7 6 11 
  124 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
304 5 10 9 12 16 10 14 15 12 8 19 9 11 8 13 13 8 13 12 5 6 7 13 12 8 
305 13 12 14 8 13 9 8 15 19 11 10 13 7 14 9 9 10 13 13 8 14 5 11 12 9 
306 8 6 12 10 17 19 12 12 7 11 14 10 18 20 12 10 14 9 11 12 14 5 4 16 12 
307 11 9 9 10 12 4 9 5 15 11 9 11 11 12 9 16 11 8 10 11 10 14 13 11 10 
308 6 7 8 7 7 9 7 15 14 11 10 9 7 16 15 9 14 8 10 13 9 10 11 5 5 
309 12 12 4 6 6 15 13 8 11 18 8 9 7 5 13 10 12 9 6 8 13 5 12 10 8 
310 8 6 5 9 9 13 13 11 10 20 8 10 4 7 14 13 12 16 13 9 13 17 9 11 8 
311 13 7 11 10 14 6 9 11 14 13 18 17 10 10 11 7 8 10 10 6 10 10 9 4 8 
312 6 8 15 9 6 9 6 12 8 13 11 11 7 10 10 5 8 19 16 14 6 12 6 12 11 
313 11 5 8 8 13 13 6 9 11 9 13 10 9 19 10 14 12 13 11 22 10 14 11 7 10 
314 13 8 10 16 14 11 9 12 12 15 13 14 14 4 3 16 10 8 12 7 9 8 15 10 3 
315 7 8 13 11 6 10 3 10 8 14 13 5 7 10 11 7 10 7 13 7 8 15 8 4 10 
316 12 6 9 9 13 12 13 11 6 10 7 11 14 13 13 12 12 10 10 7 5 13 9 10 10 
317 10 7 11 10 9 11 6 4 10 14 10 12 8 12 10 12 11 9 11 7 3 9 5 5 4 
318 11 9 8 10 6 8 11 14 21 6 13 10 19 14 7 6 11 12 4 8 7 9 8 9 6 
319 14 7 8 9 12 3 7 8 12 10 7 9 9 14 14 9 8 8 13 5 4 10 8 7 8 
320 7 13 7 5 9 13 13 10 12 6 7 11 10 4 10 7 8 8 3 8 11 13 12 11 13 
321 7 11 10 10 7 14 8 10 9 11 6 12 7 8 9 8 12 6 7 6 14 11 7 9 8 
322 5 3 11 8 12 10 4 14 11 6 7 9 9 8 7 11 6 6 10 6 5 13 8 6 6 
323 7 6 12 12 10 9 9 11 9 6 12 10 10 7 10 4 10 7 5 10 6 7 3 10 7 
324 5 6 14 17 6 10 10 14 7 7 11 12 14 12 13 9 8 12 9 9 8 9 11 6 6 
325 12 5 12 8 14 13 11 11 12 10 10 10 7 8 13 8 3 4 11 10 8 7 12 9 12 
326 6 10 8 11 13 6 10 6 8 11 7 8 10 10 12 9 10 8 8 15 5 12 12 13 10 
327 6 8 11 9 11 7 12 12 16 11 11 14 11 8 7 11 13 9 4 6 9 7 8 9 4 
328 5 15 9 12 13 16 12 14 12 6 6 9 12 4 7 13 14 20 10 13 8 8 9 5 9 
329 10 6 8 9 12 7 14 9 9 7 7 6 12 14 13 9 10 12 7 8 8 9 7 7 11 
330 9 13 10 9 15 8 8 9 5 12 9 6 10 11 13 12 16 15 9 10 6 5 11 11 6 
331 2 7 6 13 10 5 7 5 12 13 6 15 6 10 16 11 5 6 7 11 6 8 10 6 4 
332 6 4 9 6 11 16 13 11 8 7 10 7 7 16 6 11 8 11 13 6 8 7 5 12 2 
333 6 6 6 7 8 5 8 13 11 9 6 13 10 11 13 11 15 9 9 9 10 9 6 7 4 
334 5 8 8 7 11 13 5 6 7 15 12 12 11 9 7 5 13 11 6 10 9 7 6 9 5 
335 17 3 6 5 10 6 8 9 8 8 11 8 15 14 4 5 13 10 9 8 10 6 9 6 6 
336 7 8 12 5 11 9 13 10 10 4 14 8 12 12 16 13 13 13 10 13 9 11 6 3 7 
337 5 8 11 7 4 6 13 8 14 9 10 10 14 8 11 10 12 11 7 5 12 10 9 5 4 
  125 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
338 9 8 8 8 8 8 9 7 16 12 9 7 7 12 8 10 8 6 7 11 8 9 4 4 2 
339 8 7 4 9 10 14 15 7 9 12 11 12 9 10 12 10 9 4 6 10 11 9 12 5 5 
340 4 7 12 11 9 5 10 4 14 12 11 11 6 11 15 13 5 8 12 13 7 10 11 8 6 
341 7 6 10 11 9 9 13 14 15 10 10 10 7 6 7 9 9 6 10 13 10 10 10 11 5 
342 10 7 12 9 9 13 16 8 11 11 7 5 12 8 7 3 4 9 12 10 7 9 7 6 3 
343 10 3 11 7 14 13 12 14 10 10 7 11 14 7 9 5 10 8 10 11 7 6 7 14 10 
344 8 11 15 9 14 8 9 10 13 4 13 11 5 8 8 5 11 10 5 10 12 7 6 8 6 
345 8 16 14 13 7 10 9 16 18 4 13 8 9 11 6 11 18 13 11 8 9 5 8 5 12 
346 6 6 8 15 16 17 17 12 8 14 8 15 9 10 8 8 8 9 12 10 8 7 8 5 3 
347 7 8 15 9 15 16 15 9 9 9 11 6 9 10 10 9 8 11 12 7 9 7 12 2 5 
348 6 6 14 7 11 6 9 10 14 11 7 13 10 9 14 8 12 9 4 9 9 11 11 3 10 
349 5 6 8 7 11 12 18 14 16 10 14 8 7 13 8 12 8 9 14 9 8 7 10 6 9 
350 6 6 8 14 18 6 11 18 12 12 15 9 9 10 14 15 6 12 11 12 10 10 10 7 7 
351 3 8 12 13 9 16 9 11 8 21 11 12 12 11 8 13 17 11 12 12 9 15 4 2 7 
352 8 9 10 7 8 10 16 12 9 13 8 12 11 12 16 16 9 11 12 8 11 12 10 10 11 
353 8 5 14 13 7 10 16 18 16 10 12 16 11 14 13 12 9 10 8 11 8 12 7 7 2 
354 6 9 7 20 10 10 10 8 14 13 15 13 8 8 15 7 11 16 9 13 10 9 9 4 7 
355 9 7 6 7 13 10 9 9 10 17 7 9 16 10 14 11 6 4 11 15 16 12 6 6 7 
356 5 7 12 8 10 9 12 10 9 11 12 12 14 10 6 7 5 13 12 7 10 10 4 9 5 
357 5 11 13 17 15 15 14 20 7 18 14 8 8 8 17 12 14 15 7 13 12 7 6 8 8 
358 8 9 10 10 10 15 8 11 13 16 8 5 17 9 13 3 15 9 14 10 8 10 12 8 8 
359 6 9 12 10 9 8 13 13 14 15 12 13 7 8 11 14 7 6 9 13 11 5 9 4 7 
360 3 4 16 9 15 15 19 7 12 10 9 2 10 4 7 8 3 14 9 12 8 10 14 6 6 
361 4 10 15 12 8 13 12 9 18 7 17 20 9 8 13 11 14 9 9 8 9 8 7 3 5 
362 3 6 15 13 13 10 14 8 11 14 14 12 11 9 8 7 19 8 9 13 6 11 7 10 4 
363 8 6 14 18 11 12 12 13 15 15 11 11 13 10 11 9 8 11 15 12 12 9 6 2 5 
364 10 10 12 18 7 13 15 8 14 9 12 9 9 13 9 18 11 11 11 14 10 6 7 6 5 
365 6 5 14 10 8 14 14 19 9 11 13 12 7 14 9 8 13 15 11 10 7 7 12 6 4 
366 11 7 6 14 12 15 16 16 7 12 8 7 12 14 14 9 11 13 12 6 19 7 4 4 7 
367 4 7 10 12 9 9 18 15 9 13 11 16 8 9 7 11 15 9 9 10 11 10 7 7 8 
368 3 4 10 6 8 17 10 12 10 10 10 9 8 18 7 6 9 16 9 8 9 6 7 6 9 
369 3 6 11 13 14 14 11 12 13 12 10 7 12 14 16 9 13 11 11 14 7 10 8 9 2 
370 10 3 17 19 14 8 10 18 13 11 13 14 8 10 13 6 10 7 12 10 9 10 9 2 10 
371 4 6 10 16 5 10 9 11 13 19 12 15 13 10 15 16 10 9 12 10 7 12 10 3 5 
  126 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
372 5 3 8 10 11 12 14 14 12 10 11 15 9 13 10 20 13 7 11 6 8 8 8 6 9 
373 3 7 13 13 18 12 11 16 6 9 9 12 11 20 16 6 12 12 8 11 13 5 10 6 1 
374 7 8 11 16 11 11 12 11 11 10 10 8 13 11 16 11 21 9 4 8 12 15 7 6 2 
375 6 9 17 12 11 9 15 18 13 9 6 17 18 6 10 10 9 6 15 13 6 10 8 7 9 
376 8 8 10 11 11 17 19 17 7 13 19 10 5 14 16 7 9 11 13 10 8 16 2 6 6 
377 4 8 17 8 15 15 16 7 11 11 8 13 4 14 7 10 9 13 8 10 13 7 6 2 8 
378 6 7 18 13 15 14 11 21 11 17 9 12 15 15 12 16 7 10 9 8 6 11 11 7 2 
379 4 3 11 8 9 17 10 10 9 8 20 13 6 15 11 10 9 9 5 6 19 6 6 7 6 
380 3 3 8 17 11 18 14 16 27 10 4 11 15 15 7 9 9 3 8 11 11 7 9 2 7 
381 10 6 11 13 18 10 10 10 10 11 13 8 9 13 9 10 11 9 5 10 8 9 8 2 6 
382 7 1 9 12 6 12 8 14 10 11 8 14 10 14 14 5 6 7 7 8 12 9 5 7 4 
383 4 4 12 14 11 12 15 9 10 14 10 13 16 14 7 8 9 7 10 6 8 5 6 11 4 
384 6 6 10 16 10 13 6 8 7 9 9 10 7 9 9 5 7 13 5 12 7 11 3 6 3 
385 4 5 10 13 17 8 10 7 10 13 12 7 8 9 16 8 9 8 15 11 9 6 9 4 7 
386 3 8 13 11 13 13 16 12 13 14 8 8 12 5 11 11 11 7 9 5 14 4 8 4 7 
387 5 4 15 6 7 14 10 8 18 8 13 10 10 15 10 13 12 8 2 11 5 11 5 6 2 
388 9 7 7 8 4 12 13 5 11 16 8 12 13 8 8 11 9 6 3 12 6 9 6 3 5 
389 6 5 9 12 18 6 3 8 9 18 7 9 8 4 10 6 8 5 5 10 10 10 5 10 5 
390 2 5 12 11 8 5 7 12 10 9 11 7 12 8 10 13 9 5 13 7 7 7 6 3 3 
391 3 4 4 9 12 11 11 11 7 11 9 7 8 5 4 6 10 9 7 4 9 6 9 7 7 
392 1 6 5 12 10 16 14 10 6 9 13 8 3 16 5 10 9 6 5 6 3 5 5 8 6 
393 6 5 15 11 5 15 17 6 12 12 12 4 7 8 3 13 9 6 11 7 7 5 5 7 11 
394 8 4 13 8 10 14 7 6 12 6 6 8 8 9 12 9 4 4 7 7 7 8 8 4 7 
395 3 5 12 12 10 11 11 12 13 11 14 9 7 8 11 10 7 11 10 6 9 8 5 9 3 
396 3 5 10 14 18 7 5 8 5 10 6 10 9 7 11 6 7 6 9 5 9 8 8 3 7 
397 7 7 11 12 16 12 6 8 7 9 9 8 9 8 8 7 6 7 10 6 10 9 3 7 6 
398 6 5 6 10 8 9 3 8 4 10 5 12 5 13 10 10 3 10 5 7 11 14 5 3 3 
399 7 5 11 12 8 9 11 16 9 11 9 7 6 9 11 5 8 5 7 10 6 5 7 7 4 
400 4 8 15 9 10 16 14 8 5 7 5 7 12 7 4 9 6 8 9 4 6 11 8 10 6 
401 6 3 7 8 8 10 10 4 9 8 8 10 6 11 7 6 8 7 6 11 5 6 7 6 6 
402 0 8 10 4 12 7 6 12 12 9 9 7 8 8 7 7 5 9 6 5 4 8 8 11 2 
403 0 4 8 10 8 5 7 13 7 5 9 7 8 8 8 5 6 7 9 5 7 9 4 5 3 
404 7 6 11 13 11 9 6 8 13 10 7 10 12 8 5 13 6 4 8 4 8 3 4 6 6 
405 2 5 7 2 6 8 8 8 3 5 4 5 7 2 9 5 8 6 4 5 7 3 4 4 6 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
406 5 4 11 7 10 6 3 13 5 7 7 6 10 9 9 7 2 6 11 4 4 15 3 6 0 
407 8 4 9 10 9 10 2 7 7 6 8 6 7 5 9 6 10 4 6 5 5 7 8 0 5 
408 5 3 9 10 3 10 4 9 10 2 9 5 9 6 6 8 4 5 5 6 8 6 6 4 3 
409 7 5 5 11 6 7 5 6 8 8 9 6 5 6 5 3 8 6 7 7 6 3 4 7 6 
410 3 7 4 6 7 12 13 3 8 9 1 6 8 12 3 9 4 4 3 2 7 8 4 3 5 
411 5 2 8 6 7 13 7 14 11 3 6 6 9 6 7 6 5 4 7 7 8 8 5 2 5 
412 5 3 10 8 5 11 5 3 10 8 7 7 4 6 3 7 9 6 4 8 8 3 9 6 5 
413 4 3 6 10 7 4 5 10 7 8 1 9 8 8 6 8 5 4 4 4 5 4 1 3 1 
414 5 6 3 3 8 5 4 6 9 6 4 7 6 7 8 3 4 5 5 3 9 8 2 4 6 
415 8 8 7 4 8 3 4 7 6 4 8 9 8 4 3 8 10 7 4 2 4 8 7 5 7 
416 2 6 7 8 11 7 5 10 5 9 7 4 4 2 10 4 6 6 5 3 6 4 7 5 5 
417 7 4 7 7 8 6 3 7 5 5 5 7 2 3 7 2 2 5 3 7 2 9 5 6 5 
418 3 5 5 10 8 7 6 11 4 4 2 3 12 9 2 6 2 4 4 2 3 7 6 1 7 
419 4 4 7 12 2 5 1 3 11 3 5 1 4 4 8 8 6 5 7 4 5 5 5 1 5 
420 5 6 6 4 3 4 4 10 5 4 7 9 6 8 3 6 4 5 1 4 3 6 8 2 6 
421 5 4 7 8 7 5 5 9 5 6 3 5 7 6 6 4 4 5 5 5 5 4 5 5 6 
422 7 1 3 5 6 14 6 8 9 8 5 4 4 4 6 7 1 6 3 2 4 3 4 4 6 
423 2 3 4 6 7 3 4 7 9 9 3 4 2 8 6 4 5 3 3 4 3 2 4 4 8 
424 0 3 7 4 6 9 3 7 4 4 7 3 5 6 5 8 6 4 7 3 2 10 4 5 5 
425 4 3 7 4 15 3 5 3 3 2 6 6 4 6 8 4 5 10 5 2 5 3 2 8 3 
426 6 7 7 4 8 7 4 5 7 5 5 6 8 3 4 5 3 5 9 3 1 3 5 3 2 
427 5 4 9 5 3 4 4 8 6 6 5 2 9 3 5 6 6 7 7 3 5 4 3 6 2 
428 7 6 6 7 2 7 4 9 8 5 7 8 4 3 4 6 8 2 5 4 3 2 7 9 6 
429 4 6 2 4 5 6 3 2 4 6 4 10 9 7 1 5 4 5 1 7 4 0 7 2 6 
430 2 1 5 3 1 6 6 5 8 5 5 12 7 6 4 5 7 5 3 7 6 8 0 4 7 
431 5 3 5 1 5 6 7 7 5 5 8 3 3 5 5 3 3 6 1 2 9 2 3 3 3 
432 3 7 5 7 11 5 6 8 5 3 5 6 7 4 3 3 8 3 7 2 4 9 2 3 4 
433 6 5 7 5 6 5 3 4 7 5 3 5 2 6 5 2 6 5 9 7 5 10 5 8 8 
434 7 3 6 5 3 5 4 6 6 7 7 4 5 4 6 2 7 4 7 5 2 2 4 5 5 
435 2 1 6 6 2 3 6 7 4 3 6 7 1 4 2 3 6 4 4 2 4 3 3 2 3 
436 7 3 1 4 3 6 4 4 4 7 7 5 3 6 2 6 4 8 5 3 2 2 6 3 3 
437 4 0 4 3 6 6 1 4 6 3 4 7 4 8 8 8 3 2 3 6 8 2 3 4 4 
438 4 4 4 9 3 8 4 7 3 1 4 10 5 5 3 4 4 5 9 4 3 7 6 3 7 
439 1 8 1 5 8 8 1 2 8 6 2 7 6 3 5 3 4 3 3 2 6 2 1 4 2 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
440 3 5 4 3 4 2 8 2 6 2 3 4 4 2 10 3 6 2 6 4 5 5 4 7 3 
441 5 6 5 5 4 3 1 2 12 4 6 2 6 2 8 1 2 2 6 6 5 5 2 5 1 
442 4 6 5 1 5 2 4 4 8 8 3 5 5 5 12 6 7 5 5 4 3 4 3 2 3 
443 3 6 3 4 2 1 3 6 7 3 3 5 5 2 1 5 5 2 6 4 0 4 7 7 1 
444 4 1 8 4 7 5 7 5 0 3 7 7 2 5 3 4 2 4 5 3 4 1 8 0 9 
445 5 5 6 3 5 6 1 2 5 4 4 3 4 2 5 5 5 4 5 4 5 3 3 4 4 
446 7 2 6 6 2 2 10 7 7 5 3 3 5 7 3 5 4 6 5 3 6 5 4 6 3 
447 3 6 3 3 4 3 6 5 4 3 2 5 5 3 2 4 4 3 4 3 2 5 5 4 0 
448 2 2 5 6 4 8 3 3 5 9 5 8 6 3 7 1 3 2 5 3 3 4 5 3 9 
449 4 4 2 7 4 7 5 4 6 5 2 8 2 2 3 0 2 1 6 4 3 1 2 4 3 
450 1 3 5 4 6 2 2 4 4 5 6 1 1 5 3 2 2 8 4 5 5 3 1 1 6 
451 5 5 4 5 2 5 4 4 3 5 4 4 4 5 5 0 1 2 10 4 4 1 3 5 1 
452 8 4 5 5 7 7 2 2 3 3 2 5 4 1 5 3 6 3 6 2 4 3 3 6 5 
453 5 7 1 3 2 5 4 3 6 4 2 8 4 6 7 3 5 3 6 8 12 2 4 3 4 
454 4 6 4 5 2 4 8 3 4 3 3 2 0 4 5 8 4 3 4 6 4 10 3 3 3 
455 3 5 4 0 4 4 4 7 9 7 1 1 3 7 1 4 4 7 4 5 2 3 6 4 2 
456 6 5 3 10 6 5 5 4 3 2 6 5 3 7 2 4 3 2 3 1 5 3 6 4 3 
457 3 3 3 4 4 4 11 5 4 3 3 3 7 4 4 7 5 6 2 4 4 4 5 3 3 
458 3 4 6 4 1 3 5 4 8 6 6 7 3 5 4 4 4 1 3 7 6 7 2 1 6 
459 8 6 3 5 4 4 4 7 4 4 5 3 8 4 6 3 4 5 8 3 3 4 6 2 10 
460 3 5 4 3 6 4 4 3 2 3 4 2 3 3 3 3 2 4 2 2 3 5 8 7 7 
461 4 7 2 1 4 2 5 5 3 4 3 4 4 4 5 5 4 1 4 3 4 0 3 1 3 
462 4 1 1 8 5 6 3 2 3 3 3 5 2 5 5 5 3 3 5 4 4 1 3 9 3 
463 2 6 4 1 4 4 4 2 2 4 3 4 5 7 6 6 6 4 4 3 6 4 4 4 10 
464 0 3 4 3 1 7 4 4 4 0 2 4 2 3 4 6 5 4 5 3 1 3 4 5 3 
465 2 3 2 3 8 3 7 3 2 2 1 2 4 6 6 7 5 1 5 3 11 2 4 3 2 
466 8 4 2 5 4 5 3 3 2 2 4 2 2 3 4 3 3 1 2 2 6 4 2 5 7 
467 4 1 6 2 4 3 5 5 3 4 4 3 5 4 7 6 7 3 3 7 2 3 4 5 2 
468 0 9 7 4 1 3 2 6 2 1 3 1 4 2 4 5 4 4 2 4 3 6 2 4 7 
469 4 6 4 9 4 9 1 3 5 3 2 3 4 2 3 3 5 3 2 6 7 4 5 5 8 
470 5 3 8 4 3 5 3 12 4 3 1 7 1 1 7 2 11 3 4 3 3 5 4 2 4 
471 5 8 5 5 4 3 4 4 4 3 3 7 7 1 3 5 1 3 0 3 5 3 3 4 3 
472 2 7 3 4 6 4 6 9 2 3 5 4 6 5 5 4 1 1 4 3 5 1 7 6 1 
473 3 6 6 4 7 6 5 0 2 4 0 7 3 4 7 6 3 2 5 3 3 10 6 2 10 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
474 4 1 3 3 4 4 3 5 2 2 2 3 3 3 5 5 7 0 4 2 4 7 5 2 1 
475 3 6 6 2 1 6 3 5 10 4 5 2 5 4 9 6 6 6 6 6 9 6 3 4 4 
476 3 6 7 3 2 3 5 5 3 4 2 2 9 3 3 5 5 4 4 3 2 5 5 0 5 
477 3 3 4 3 2 7 2 3 10 5 1 2 5 1 1 3 4 4 3 3 6 0 2 3 8 
478 2 4 4 5 7 2 2 3 3 3 2 3 4 5 5 7 2 9 2 6 5 7 5 3 2 
479 3 3 3 1 3 4 2 6 4 4 5 8 4 3 5 5 5 2 3 0 2 1 4 4 5 
480 2 6 2 5 4 4 1 5 3 4 2 2 4 4 5 3 5 3 2 2 1 4 2 5 6 
481 5 3 5 3 6 1 2 6 5 4 6 7 5 9 3 3 4 0 1 2 3 3 1 4 1 
482 3 2 4 4 2 4 4 3 4 4 6 2 4 3 6 5 5 6 5 3 6 1 3 2 5 
483 0 3 1 6 5 3 2 2 5 8 5 3 6 4 9 4 4 5 5 5 5 4 6 4 4 
484 1 4 2 4 3 6 1 8 5 0 4 5 2 8 0 5 3 3 6 3 5 8 5 5 3 
485 4 4 3 6 3 4 4 7 0 4 4 5 7 2 4 5 1 4 3 2 1 2 4 2 1 
486 2 1 6 1 3 6 7 4 2 4 3 4 3 1 3 1 4 5 3 5 6 6 2 3 4 
487 5 5 2 4 6 2 6 1 4 2 4 4 6 6 4 3 1 4 4 0 7 3 5 3 6 
488 1 2 5 1 3 7 4 5 4 3 3 7 2 0 1 6 3 4 2 5 3 8 3 6 5 
489 5 4 5 1 1 3 4 4 5 7 1 2 3 4 3 4 6 3 5 10 5 6 4 5 4 
490 1 5 7 5 6 7 0 6 6 2 3 3 1 3 8 4 4 3 3 1 2 1 2 3 3 
491 2 1 3 2 3 4 4 2 3 2 3 4 3 3 1 5 5 6 4 2 3 4 5 2 4 
492 6 4 6 8 1 0 4 1 1 3 4 2 4 2 3 5 4 3 3 2 5 3 2 9 1 
493 5 2 5 3 6 4 6 3 5 4 3 2 3 5 1 5 6 3 7 7 1 4 2 0 4 
494 3 1 2 4 10 1 5 2 4 6 5 3 1 5 2 6 5 6 4 6 5 5 2 1 2 
495 2 5 3 4 1 6 2 2 6 3 2 5 3 5 2 1 5 1 4 2 3 6 2 3 4 
496 3 4 5 2 3 5 6 3 4 2 1 5 2 9 4 5 6 9 7 3 5 3 5 4 2 
497 2 3 4 5 4 2 4 4 5 3 1 3 5 4 5 8 4 2 2 2 4 2 8 4 5 
498 3 2 1 2 4 7 7 5 5 6 4 3 2 7 4 5 5 10 5 4 6 2 2 6 2 
499 3 5 6 6 4 1 0 1 1 5 3 3 7 1 5 2 2 3 3 2 6 4 3 5 4 
500 3 5 2 2 3 6 1 2 3 3 5 5 3 6 3 4 4 3 2 4 2 5 4 2 3 
501 6 3 4 2 1 3 3 2 3 6 2 3 2 3 8 4 2 3 4 3 4 0 3 3 2 
502 6 9 2 4 4 2 2 5 2 2 2 2 2 6 0 6 1 1 5 3 3 3 3 6 3 
503 5 3 5 4 7 3 5 1 7 5 2 7 5 6 3 3 2 0 2 5 3 5 4 0 4 
504 8 6 4 2 1 8 4 1 5 4 2 2 5 2 3 2 8 4 2 6 3 3 2 3 4 
505 4 4 5 1 1 2 5 1 2 8 3 5 2 4 3 6 4 0 6 4 2 4 2 4 5 
506 5 1 5 3 4 4 7 2 6 3 4 3 4 6 4 5 4 2 3 4 8 4 3 4 2 
507 4 3 6 5 5 4 2 3 4 1 4 4 5 4 3 3 4 3 5 4 3 3 4 4 1 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
508 2 6 2 3 4 2 0 4 7 1 2 1 6 4 3 1 1 1 5 3 6 1 3 9 4 
509 6 2 2 0 1 6 2 3 5 5 4 2 5 7 4 2 4 4 1 3 1 6 7 5 1 
510 5 3 6 4 5 3 4 4 1 2 2 3 2 3 0 1 4 1 2 2 2 4 5 4 1 
511 3 4 0 4 2 5 5 6 1 1 0 2 4 4 5 2 1 5 2 4 4 4 3 3 7 
512 6 2 4 3 3 2 2 1 9 8 7 4 3 2 6 2 3 3 5 4 2 3 7 2 6 
513 2 7 3 0 7 2 4 5 3 1 5 2 2 5 3 2 2 0 4 0 5 7 6 1 3 
514 4 4 3 1 3 2 4 8 6 4 2 2 2 6 2 4 5 7 3 4 2 7 1 3 3 
515 0 2 3 6 6 5 2 4 4 2 5 5 2 4 4 5 8 6 3 1 3 4 4 3 2 
516 5 3 1 7 3 3 5 2 4 4 4 7 3 3 3 0 3 4 2 3 2 4 4 1 5 
517 8 6 4 2 3 3 8 5 7 3 3 3 3 5 7 4 3 3 6 2 3 2 3 3 1 
518 2 2 7 3 5 4 4 3 6 2 1 2 7 4 3 5 0 1 5 5 3 10 5 3 0 
519 6 4 4 5 4 2 4 2 3 4 2 3 3 4 4 3 5 4 7 4 5 0 9 3 3 
520 5 1 6 3 2 4 3 1 4 4 2 6 4 5 2 4 5 4 6 3 4 4 5 7 4 
521 4 4 7 4 3 3 7 5 1 4 4 3 2 5 5 4 1 3 3 2 1 1 3 1 4 
522 7 0 2 4 5 1 0 2 5 5 2 1 2 4 3 3 6 1 3 3 0 6 3 3 2 
523 2 6 4 3 1 0 5 2 3 3 7 3 1 4 3 5 3 3 3 5 2 2 2 2 1 
524 2 2 4 8 2 4 3 3 2 3 3 4 3 3 6 5 4 1 2 6 3 4 2 3 3 
525 4 1 1 4 1 3 4 5 4 2 3 1 1 6 4 5 2 2 3 2 4 5 3 5 7 
526 4 6 4 2 5 5 5 3 4 2 5 0 2 1 6 3 3 2 1 8 2 3 1 2 5 
527 2 2 7 2 4 2 7 1 2 3 3 4 1 5 1 4 3 4 1 3 2 5 5 2 5 
528 3 4 6 2 2 2 3 8 3 6 3 4 3 3 3 5 4 4 3 4 3 7 4 6 2 
529 2 6 3 2 3 1 2 2 5 3 3 0 4 3 6 5 5 4 3 3 6 1 0 6 1 
530 3 0 3 4 2 4 5 1 2 1 2 3 2 5 1 3 3 4 5 2 3 4 4 2 5 
531 8 1 1 7 7 9 3 3 3 1 4 3 4 5 5 2 3 3 3 5 0 4 4 5 3 
532 3 2 4 3 5 5 4 7 3 3 1 0 3 5 2 5 1 3 3 4 2 3 3 2 1 
533 2 2 2 3 5 0 7 1 2 1 9 7 5 5 3 5 3 3 6 3 3 4 4 3 3 
534 3 4 4 1 5 3 3 6 2 8 1 5 2 4 3 5 2 5 5 4 4 2 3 2 7 
535 6 4 3 2 2 1 2 2 6 5 6 5 5 0 2 6 5 3 3 3 1 5 2 1 3 
536 8 9 1 3 4 6 8 4 1 2 4 5 4 2 2 1 2 3 3 3 3 2 3 1 3 
537 4 1 2 4 7 9 1 1 2 6 5 3 1 2 1 0 3 2 5 8 5 3 5 7 3 
538 6 5 7 5 3 1 2 4 1 3 4 1 4 3 6 4 6 4 3 2 2 4 4 1 4 
539 5 2 2 9 5 2 3 3 4 2 1 2 3 2 1 2 4 3 8 3 5 6 5 1 3 
540 4 2 1 2 3 4 1 2 8 3 2 4 3 4 4 3 4 0 4 3 2 4 4 6 3 
541 0 4 3 4 4 4 3 5 6 5 4 4 2 1 3 5 5 4 2 3 5 3 5 0 2 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
542 2 5 1 2 2 2 4 0 4 3 2 4 3 4 1 2 4 4 4 6 0 4 2 3 2 
543 3 4 4 5 4 3 2 4 9 0 4 2 3 3 0 3 4 4 3 5 6 2 2 2 6 
544 3 3 3 4 3 0 4 2 2 6 1 1 5 1 3 6 3 4 3 2 1 5 7 2 4 
545 2 4 3 3 2 3 5 10 3 2 2 6 6 2 5 1 4 3 2 4 3 4 5 2 7 
546 2 0 1 4 1 2 6 1 4 5 0 2 4 2 5 1 1 4 6 3 3 5 7 2 5 
547 3 2 4 2 2 3 2 3 2 3 2 6 5 3 3 2 4 1 2 5 3 4 4 0 4 
548 3 0 6 3 3 2 1 3 4 5 5 3 4 1 2 3 3 5 4 3 2 1 4 6 6 
549 2 3 3 2 5 1 6 2 6 3 3 2 3 5 6 2 8 3 2 2 6 3 4 5 1 
550 4 4 2 0 5 3 3 2 2 4 3 1 4 4 4 2 3 3 8 2 6 3 8 1 4 
551 3 1 2 3 2 6 3 5 3 4 1 3 3 2 2 3 1 6 6 4 5 3 3 2 1 
552 7 1 2 0 2 2 6 1 2 4 5 4 2 6 1 2 2 4 6 3 2 2 4 6 2 
553 2 3 2 4 4 4 3 2 4 2 3 4 3 6 5 2 5 1 3 2 3 6 1 3 1 
554 2 5 4 5 2 0 2 1 2 2 3 3 4 1 2 2 4 3 6 0 3 3 4 3 2 
555 4 4 3 3 2 3 1 1 3 4 4 3 1 5 4 3 7 1 1 3 5 3 1 5 1 
556 2 2 3 0 2 4 2 6 4 2 2 4 9 1 3 2 0 2 4 1 1 4 3 2 4 
557 2 5 2 5 5 2 3 3 6 5 7 6 4 2 5 5 3 6 4 4 2 2 4 0 4 
558 4 2 1 2 0 2 3 4 4 2 0 1 2 0 5 2 1 7 1 3 6 3 2 8 3 
559 4 1 5 2 6 4 4 3 2 6 7 5 3 4 3 2 4 7 3 1 1 1 3 2 1 
560 3 3 0 6 2 1 5 0 3 4 2 2 1 3 3 5 1 4 7 3 3 3 3 3 2 
561 5 4 1 2 3 5 8 0 1 5 4 2 1 3 2 2 1 0 1 0 2 3 9 3 5 
562 5 5 4 5 3 1 6 0 4 3 2 4 5 8 4 5 3 5 4 1 3 0 7 3 1 
563 3 4 2 3 3 3 2 3 7 3 3 4 3 3 4 1 2 1 3 2 2 3 3 3 1 
564 4 4 1 3 6 1 8 4 4 2 5 7 5 2 4 1 4 1 3 3 7 2 2 1 4 
565 3 5 4 4 8 0 4 2 6 2 3 6 2 4 1 7 0 4 4 5 3 4 4 2 3 
566 2 6 5 2 5 4 6 4 1 5 2 1 3 6 3 4 3 11 1 2 2 3 2 5 2 
567 4 0 5 3 1 4 4 5 4 5 5 4 1 5 3 5 2 2 1 4 6 4 1 4 1 
568 1 4 2 4 3 1 4 9 3 4 7 6 3 2 3 1 7 1 4 1 6 3 4 3 4 
569 1 4 4 1 4 3 3 2 1 2 4 6 6 6 5 4 1 4 2 1 3 3 2 2 5 
570 0 6 3 6 7 4 6 3 2 3 3 5 1 3 2 3 3 6 4 4 3 8 2 1 1 
571 3 5 0 4 3 7 4 0 2 4 1 4 2 4 1 2 5 8 2 3 3 2 5 4 3 
572 2 2 1 3 6 4 5 4 2 1 2 4 0 2 2 2 3 3 4 2 6 3 3 5 1 
573 1 0 3 1 5 3 5 7 3 1 4 4 6 4 1 1 1 4 5 3 4 3 3 2 4 
574 2 4 3 3 3 3 1 1 2 4 2 4 4 2 3 1 4 3 2 4 2 2 3 1 1 
575 1 1 4 3 4 2 5 4 3 5 3 4 2 2 2 3 4 3 1 1 2 4 2 1 5 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
576 2 4 3 2 3 5 3 3 8 9 6 4 4 1 2 3 4 2 1 5 3 5 3 2 0 
577 3 2 0 3 3 3 2 6 5 4 2 3 4 4 3 4 5 3 4 1 5 4 6 5 2 
578 1 3 6 4 2 2 3 1 2 7 4 6 5 8 5 0 0 4 5 4 3 3 2 4 5 
579 5 2 2 7 1 5 1 2 3 0 5 2 1 1 4 0 4 2 4 6 4 1 5 4 3 
580 3 2 2 6 4 5 4 5 4 1 3 2 3 0 1 2 0 1 1 3 6 3 1 5 4 
581 2 4 3 3 2 3 5 2 0 3 3 1 2 7 4 5 3 3 3 7 4 3 3 5 4 
582 2 4 2 9 4 2 0 2 3 2 1 2 4 2 3 2 1 1 4 4 1 3 2 1 3 
583 2 3 1 1 4 1 2 4 5 2 2 4 5 4 1 3 1 7 4 4 1 5 9 3 5 
584 5 4 5 1 7 5 1 1 4 3 1 2 1 1 6 5 5 4 6 3 4 4 3 5 5 
585 3 2 1 4 1 4 0 3 3 5 3 2 3 3 3 1 3 3 3 5 1 3 1 5 3 
586 4 5 3 2 5 4 3 2 3 1 2 1 4 3 1 0 3 1 4 1 3 5 3 4 5 
587 1 3 1 5 4 0 3 6 2 4 6 4 5 2 5 2 2 4 0 2 2 3 8 0 4 
588 2 3 3 1 3 3 3 2 3 1 3 7 2 2 4 3 1 3 3 1 3 6 3 3 4 
589 6 3 6 3 6 1 0 2 4 3 2 4 6 3 1 1 3 5 4 3 1 4 8 6 4 
590 4 1 5 2 1 2 2 4 4 5 0 3 4 3 3 1 10 2 12 6 1 2 0 4 4 
591 3 2 2 2 1 5 3 3 2 1 3 3 3 1 4 2 1 0 7 5 3 3 3 4 2 
592 1 2 3 6 1 4 7 5 6 2 3 4 4 3 1 1 4 0 5 4 5 3 2 1 3 
593 5 2 3 4 2 6 1 2 2 3 1 3 4 0 5 2 1 4 2 5 4 7 1 3 1 
594 2 2 3 3 2 4 3 3 3 5 5 3 0 4 2 4 1 2 2 2 5 2 3 0 2 
595 4 1 7 5 3 3 1 1 1 3 2 0 2 2 0 2 3 2 4 2 3 2 2 1 4 
596 3 2 3 4 3 2 4 1 2 2 2 5 5 5 3 1 0 5 4 2 7 2 2 3 4 
597 2 1 2 3 4 2 2 0 3 3 2 0 1 3 5 2 3 1 1 1 8 1 4 3 1 
598 4 2 3 3 3 3 4 4 4 2 3 2 3 2 7 3 3 4 1 6 0 3 0 2 3 
599 4 3 2 9 7 2 1 3 5 2 1 9 7 1 1 1 4 4 5 3 1 2 3 6 2 
600 2 6 3 4 3 3 0 1 3 4 3 0 2 3 9 2 3 3 3 0 3 0 4 3 4 
601 4 0 4 1 3 6 6 1 2 3 1 1 3 2 4 4 3 3 7 4 1 2 3 4 3 
602 1 2 4 4 0 0 2 1 6 3 4 3 7 6 1 5 3 2 6 6 1 3 3 3 6 
603 3 6 3 3 2 3 4 6 1 0 2 3 0 6 6 1 4 4 2 1 2 4 3 1 4 
604 4 3 1 3 4 3 4 4 3 3 4 3 5 5 3 1 2 3 6 3 1 3 4 6 3 
605 2 3 3 4 4 3 2 5 2 0 4 2 1 1 2 5 3 2 4 2 1 5 6 4 6 
606 2 5 5 3 3 3 7 3 5 3 3 2 3 3 1 2 5 1 2 4 1 3 1 3 3 
607 2 2 2 1 2 4 4 5 0 3 4 3 4 2 2 6 3 1 4 3 4 2 7 1 3 
608 7 3 5 4 3 3 4 5 0 3 1 1 2 4 4 5 4 1 0 2 5 1 3 4 8 
609 4 6 5 2 2 4 1 7 2 3 4 3 5 3 1 3 1 5 0 3 3 5 2 3 2 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
610 2 5 5 6 3 2 3 3 7 4 3 3 7 6 2 3 2 1 1 1 5 1 0 3 2 
611 2 6 2 2 4 2 5 3 3 0 4 3 4 9 1 3 5 2 1 4 4 2 4 3 1 
612 1 1 3 1 0 0 3 1 3 6 3 3 4 3 2 3 6 3 3 3 3 4 5 2 3 
613 1 5 6 3 4 2 2 3 2 3 0 1 2 3 2 2 2 3 3 3 0 3 5 2 1 
614 2 3 5 0 6 4 3 2 1 3 0 0 2 2 3 2 1 3 3 4 3 2 3 3 0 
615 4 2 4 0 7 1 5 1 3 6 3 4 0 1 1 0 2 3 2 4 2 3 4 0 4 
616 2 2 3 1 2 2 3 5 4 3 2 1 7 2 3 4 4 4 3 4 3 3 6 1 4 
617 4 5 3 4 6 5 5 3 2 1 3 4 1 4 1 3 1 4 1 3 3 3 4 2 3 
618 2 0 1 3 2 2 2 3 2 2 3 4 4 2 7 5 2 1 2 1 4 4 5 4 5 
619 3 2 4 1 2 4 2 2 3 1 4 2 0 5 3 4 2 1 2 1 4 0 3 2 4 
620 2 3 4 2 1 3 4 2 7 1 2 3 4 3 6 3 3 3 4 3 2 1 3 3 3 
621 1 4 2 5 1 2 2 3 3 6 6 4 1 3 5 3 6 2 4 2 0 2 1 3 1 
622 4 2 0 1 4 4 3 5 1 1 3 3 2 5 3 2 2 2 4 4 1 1 2 3 3 
623 2 3 0 1 6 4 3 5 3 4 2 4 3 1 7 2 1 3 0 2 2 4 4 6 4 
624 2 2 1 1 1 4 3 1 2 2 3 4 3 3 2 2 2 1 0 2 5 0 3 5 6 
625 2 2 2 0 5 3 3 2 2 3 3 1 2 1 2 2 4 0 3 0 2 2 5 5 0 
626 4 4 2 5 3 1 1 4 1 5 0 2 2 3 2 2 3 3 1 2 2 4 3 5 3 
627 4 5 3 1 4 6 2 3 4 2 2 1 1 1 5 2 5 2 1 5 2 2 1 3 1 
628 1 5 4 2 0 3 1 2 1 2 5 4 4 2 3 4 4 6 2 2 3 3 3 3 2 
629 5 2 3 4 6 2 3 1 4 4 4 4 5 3 2 2 3 3 2 3 6 3 1 5 4 
630 1 0 2 2 1 3 6 3 1 3 4 4 5 2 4 1 2 3 4 5 3 2 1 1 3 
631 4 0 2 2 2 1 4 0 5 6 2 2 2 4 2 1 3 5 7 3 1 2 2 5 2 
632 4 2 3 5 2 1 1 3 5 3 1 4 7 1 4 1 4 3 2 1 5 3 3 6 5 
633 4 2 5 6 1 3 4 1 3 2 2 2 0 2 2 3 2 2 3 4 0 2 2 2 2 
634 3 2 2 4 4 1 4 1 4 2 5 6 3 1 1 3 1 1 3 4 3 2 2 3 6 
635 4 2 2 4 4 4 3 4 5 1 1 0 3 3 4 4 5 0 3 4 0 3 1 1 3 
636 1 5 1 7 2 5 3 2 4 5 3 6 2 2 2 4 4 2 3 3 4 5 3 0 2 
637 2 2 5 2 4 4 4 4 2 2 2 2 4 5 1 1 2 2 3 2 1 3 4 5 2 
638 1 0 2 3 0 1 1 4 4 5 4 4 1 1 3 4 2 3 3 3 0 6 2 1 1 
639 3 2 4 1 3 0 1 2 3 3 0 5 4 3 1 4 3 0 3 4 1 4 2 2 3 
640 1 1 1 4 3 2 4 2 4 4 4 3 0 1 2 3 2 3 2 2 4 3 3 7 5 
641 5 3 2 3 3 1 2 2 2 3 0 2 5 2 4 3 0 0 0 4 3 2 7 1 2 
642 4 2 3 1 2 0 5 0 3 1 2 3 3 3 1 3 3 3 4 0 6 3 3 2 3 
643 5 5 1 2 2 3 1 3 2 3 2 5 4 3 4 1 6 6 5 3 3 2 3 3 3 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
644 1 3 1 2 1 4 1 3 2 3 4 8 3 2 2 2 2 0 1 4 4 0 2 5 1 
645 2 3 5 2 3 3 5 2 1 2 4 3 2 3 4 2 1 3 2 3 3 5 3 2 0 
646 3 3 1 4 2 2 3 4 1 3 0 4 6 2 2 0 0 3 3 6 7 1 1 2 3 
647 0 3 3 3 3 3 2 2 6 3 2 2 2 3 3 5 6 1 1 2 2 3 3 4 1 
648 2 1 2 4 0 4 4 3 3 2 3 2 5 1 4 4 3 3 5 1 0 2 2 1 3 
649 4 2 4 1 1 3 1 1 2 4 4 3 2 2 0 1 3 2 5 2 2 2 1 3 3 
650 4 4 4 5 2 3 3 2 2 0 1 0 2 2 2 4 2 2 1 2 2 6 1 1 1 
651 1 2 3 4 2 3 0 2 2 0 2 5 2 2 1 2 2 5 1 3 3 1 3 2 3 
652 4 2 3 3 4 4 0 2 2 1 5 0 1 7 1 2 3 3 3 3 1 2 0 2 1 
653 1 4 4 0 5 0 3 3 2 6 6 2 1 1 1 2 4 2 4 2 1 6 0 2 5 
654 2 0 5 3 2 3 2 5 4 3 2 0 3 3 6 5 4 2 1 4 2 1 1 2 3 
655 2 1 5 2 3 1 3 3 1 2 3 3 0 2 2 4 2 2 4 3 2 3 6 4 3 
656 2 0 1 2 0 1 2 4 0 3 2 0 2 3 4 0 3 1 2 4 1 5 2 4 2 
657 2 4 5 3 3 2 2 1 4 1 3 4 0 1 3 4 1 1 5 0 0 3 2 6 0 
658 2 3 3 3 3 6 4 4 1 1 2 1 6 3 4 0 8 7 1 3 3 3 3 0 2 
659 1 3 4 2 9 5 3 2 2 1 1 2 1 5 3 2 3 2 1 2 1 2 4 5 2 
660 6 5 2 4 4 2 2 0 2 1 1 2 3 2 2 3 7 2 1 3 2 6 1 3 3 
661 2 4 0 2 3 2 6 3 4 1 1 5 6 9 1 1 0 2 3 2 2 2 3 3 2 
662 3 2 4 2 4 3 3 4 3 3 4 1 2 2 2 0 5 5 2 2 2 0 1 3 5 
663 1 2 4 2 2 2 5 1 2 4 2 2 2 3 3 3 3 3 0 3 0 2 3 3 1 
664 4 4 1 1 2 1 2 4 7 0 1 2 2 2 3 2 1 0 1 5 2 1 2 7 4 
665 3 3 3 5 2 2 3 0 3 1 1 2 3 0 5 3 3 3 4 2 0 5 2 3 3 
666 1 2 1 2 4 3 2 0 3 4 3 2 3 3 0 2 4 1 2 3 2 3 3 3 4 
667 2 1 4 2 3 8 5 2 1 5 3 3 1 5 3 5 0 1 1 0 2 2 3 1 1 
668 0 2 2 4 4 2 3 4 1 2 2 5 4 5 0 2 3 2 3 3 0 2 2 5 2 
669 3 2 3 2 1 5 1 3 0 1 1 4 0 0 1 5 1 0 2 0 4 8 1 2 1 
670 5 4 2 3 0 1 2 4 2 0 1 2 5 3 3 3 4 2 2 0 1 2 1 4 3 
671 2 1 2 3 3 1 1 7 1 3 2 1 0 3 0 2 3 3 1 0 1 4 1 1 2 
672 3 1 1 4 4 3 2 2 4 3 1 3 2 3 6 1 2 2 2 3 3 3 5 4 0 
673 0 2 0 1 2 6 4 3 2 4 2 4 2 1 3 0 3 3 0 1 2 2 2 6 1 
674 1 0 4 2 1 1 4 2 1 2 2 3 2 0 1 1 4 1 6 0 0 2 2 7 2 
675 2 2 1 2 1 5 2 2 3 1 2 2 3 3 2 2 2 4 2 1 2 3 2 3 4 
676 1 1 3 4 6 1 1 1 2 1 2 2 0 1 3 3 1 2 2 0 2 2 3 0 1 
677 5 5 4 2 3 2 3 2 2 4 2 4 3 0 2 1 3 4 3 0 4 1 3 0 5 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
678 0 1 0 1 2 4 2 5 2 1 5 0 4 2 2 1 0 4 2 3 4 1 1 1 4 
679 3 1 2 2 3 1 3 1 4 2 5 2 1 1 3 2 4 0 1 3 1 1 1 1 1 
680 1 1 3 3 1 7 1 1 3 1 3 4 2 2 2 0 3 1 1 1 2 1 2 2 2 
681 3 2 3 2 2 3 4 0 4 2 0 1 0 4 2 1 4 4 4 2 1 1 5 2 2 
682 4 4 3 3 5 0 2 2 1 2 5 4 2 4 3 2 4 1 3 1 3 4 0 2 5 
683 3 4 3 2 1 2 4 4 2 4 1 4 3 2 3 2 3 1 1 4 2 2 4 1 2 
684 5 4 1 3 3 3 6 1 2 2 1 3 1 4 4 1 3 3 2 3 2 0 0 3 3 
685 0 1 5 4 4 1 2 0 2 3 2 0 2 2 4 2 1 1 2 1 3 6 3 2 1 
686 2 3 2 4 4 3 0 2 0 4 3 0 1 3 4 1 2 0 1 3 1 1 3 0 2 
687 0 1 1 4 2 4 2 1 4 2 4 6 3 1 2 3 1 2 3 2 4 1 2 6 0 
688 3 1 3 3 1 4 0 1 2 1 1 2 2 1 1 1 3 1 1 2 1 1 3 1 3 
689 3 3 2 2 1 0 3 3 5 2 2 1 1 1 5 1 2 2 1 1 1 1 1 1 2 
690 3 0 2 1 1 4 0 2 2 3 2 1 6 2 3 2 2 0 2 1 5 3 0 4 4 
691 0 4 4 2 1 1 1 4 3 1 1 3 2 7 5 0 1 1 2 2 2 0 2 1 1 
692 1 2 5 1 1 4 2 3 0 5 1 0 3 3 2 2 1 1 1 1 0 1 0 2 3 
693 3 2 5 2 2 1 1 2 4 1 2 5 3 2 4 1 2 2 0 6 2 1 5 1 0 
694 4 1 1 1 2 3 3 3 1 2 3 3 2 1 3 0 2 3 3 1 1 0 2 0 4 
695 6 0 0 3 4 2 2 3 3 1 2 3 1 4 0 1 0 3 3 3 1 2 2 2 2 
696 2 4 3 3 2 2 1 2 1 3 2 1 3 4 0 4 4 4 4 4 3 1 3 1 1 
697 3 1 1 3 1 2 2 3 2 4 2 1 3 2 4 0 4 4 1 6 3 0 6 2 1 
698 1 2 2 2 1 3 5 6 6 4 0 1 1 5 0 1 1 2 2 2 1 2 1 1 3 
699 3 3 2 3 4 4 1 1 3 1 1 1 3 1 2 3 3 3 2 1 5 3 2 1 1 
700 3 6 3 4 0 3 2 2 0 1 1 2 0 2 3 3 0 1 2 2 0 0 3 1 2 
701 2 2 4 2 2 1 2 2 3 1 2 3 0 2 1 2 1 1 5 3 0 4 2 1 4 
702 3 3 1 2 3 0 3 4 2 2 3 1 3 1 4 1 6 1 1 1 2 1 2 3 1 
703 3 0 0 0 3 3 0 2 2 2 2 2 1 0 1 3 4 0 0 2 2 1 1 2 2 
704 5 3 0 2 0 2 3 1 3 0 2 0 2 1 1 3 4 0 2 4 1 3 0 3 3 
705 1 2 3 1 4 1 1 1 1 4 4 1 1 0 2 5 2 3 3 2 2 2 4 1 2 
706 2 1 4 1 1 6 2 1 4 1 3 2 1 1 2 1 1 1 1 1 2 0 0 4 1 
707 2 2 1 1 2 2 0 1 1 4 3 2 1 4 1 2 2 1 5 0 1 1 1 1 2 
708 1 4 1 3 3 2 4 1 1 3 2 4 1 0 2 2 2 2 5 4 2 2 0 3 1 
709 1 6 4 1 2 3 0 6 2 4 3 3 1 1 0 3 2 2 2 1 1 0 1 4 3 
710 1 3 6 4 3 4 4 1 0 4 1 1 2 1 5 0 5 1 1 2 0 1 1 5 2 
711 3 1 1 3 4 2 3 1 2 6 1 5 0 6 1 0 2 1 1 5 2 1 0 0 1 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
712 0 2 2 0 2 4 2 4 2 0 1 4 2 4 2 3 5 2 2 2 1 3 1 2 4 
713 3 3 4 1 1 3 1 0 2 8 1 2 2 3 0 0 3 3 5 3 1 3 3 0 6 
714 1 1 1 3 4 2 2 1 5 0 3 3 2 5 3 1 2 2 2 3 0 2 6 2 2 
715 3 0 2 1 6 5 2 2 0 3 0 3 6 4 0 3 0 1 1 2 1 1 2 2 4 
716 0 3 4 2 0 0 3 5 3 4 6 1 1 1 0 1 1 0 0 1 1 0 1 4 2 
717 2 3 1 3 2 4 2 1 2 6 1 2 2 1 1 2 0 6 1 1 3 3 2 1 3 
718 3 0 4 1 0 3 0 2 3 3 5 3 1 1 1 3 1 4 5 1 3 1 0 1 2 
719 1 4 2 1 3 4 6 2 2 2 3 4 1 3 0 0 5 1 4 2 1 2 3 0 0 
720 2 2 3 3 2 3 4 2 3 0 1 2 2 3 3 3 3 1 0 2 1 0 1 1 2 
721 2 1 3 0 0 3 1 1 2 4 2 1 2 1 0 2 4 1 3 1 1 3 1 3 5 
722 2 3 3 1 2 1 2 1 1 1 3 2 2 1 5 1 1 1 3 0 2 1 1 1 1 
723 2 1 2 1 4 2 0 1 0 1 1 1 2 1 0 2 4 1 1 3 4 3 2 1 4 
724 2 2 2 6 2 4 1 1 2 1 0 1 0 1 3 1 4 3 0 1 4 2 3 1 2 
725 0 0 2 1 2 2 3 4 1 2 2 1 3 2 2 4 3 2 1 6 3 1 2 1 2 
726 5 1 3 1 0 2 3 2 1 2 2 2 4 1 1 4 2 0 2 1 0 1 4 5 4 
727 1 3 0 0 0 2 4 2 1 3 2 2 1 2 1 1 3 0 2 2 0 2 2 0 2 
728 1 3 3 0 1 1 4 1 2 0 6 3 1 2 0 3 1 1 3 3 1 3 2 3 2 
729 2 1 3 0 1 2 1 1 1 1 3 2 4 4 2 1 0 3 2 5 2 2 0 1 3 
730 3 2 2 2 2 3 4 2 0 5 2 1 2 4 1 3 0 3 2 3 3 2 3 2 2 
731 4 2 2 4 4 3 2 1 1 2 0 3 4 2 0 1 0 2 3 2 2 1 1 1 3 
732 0 4 2 3 1 3 0 5 0 0 0 2 0 1 2 0 2 0 1 0 1 0 1 2 2 
733 4 4 2 1 2 4 1 0 2 2 4 3 4 3 2 7 3 0 3 2 2 1 1 3 3 
734 0 2 0 1 0 2 2 4 2 4 2 0 2 2 2 0 3 3 2 1 1 1 5 0 4 
735 4 4 1 1 1 1 2 1 2 4 4 4 1 2 1 6 1 1 0 1 3 1 1 0 2 
736 3 1 1 0 2 3 0 2 2 2 3 0 4 1 1 2 2 3 3 1 1 1 1 2 3 
737 4 1 3 1 2 4 1 1 2 2 2 1 1 5 4 1 0 4 2 5 1 3 3 2 2 
738 4 2 1 3 1 2 1 2 1 4 0 1 2 3 1 3 1 0 2 3 1 3 3 3 4 
739 2 3 2 2 2 6 1 2 4 1 0 3 0 5 2 5 0 1 0 1 1 5 1 1 2 
740 2 3 2 0 2 1 2 1 2 0 1 3 2 1 1 2 3 3 2 0 1 2 4 2 0 
741 3 4 0 1 1 2 1 2 2 3 2 1 1 1 2 3 2 2 2 0 0 2 2 2 3 
742 1 2 0 0 3 2 1 2 0 3 2 3 1 3 2 0 1 1 5 4 2 4 1 1 0 
743 1 2 2 1 2 1 1 2 2 1 0 2 1 2 1 1 4 2 1 2 3 5 4 3 5 
744 0 1 2 2 1 1 2 4 4 3 1 2 1 1 2 1 0 0 2 5 3 1 1 4 2 
745 2 3 2 1 3 2 1 2 4 1 0 0 1 3 3 1 3 2 1 2 0 2 1 3 1 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
746 2 0 4 0 4 2 3 4 3 1 1 1 0 2 0 2 5 3 4 2 3 1 0 0 5 
747 1 0 1 2 2 0 4 2 1 1 0 2 0 2 2 0 3 0 2 1 4 3 1 5 1 
748 2 2 1 2 4 2 1 3 9 1 0 4 1 2 1 3 2 4 4 1 1 1 2 5 4 
749 3 2 1 2 2 2 2 1 0 1 0 0 1 1 2 1 0 5 4 1 0 2 1 1 0 
750 2 2 1 0 5 1 1 3 2 0 2 2 1 2 0 1 3 2 2 1 2 2 2 2 1 
751 1 2 0 3 2 0 1 0 1 4 0 1 0 2 4 1 1 2 2 3 1 3 1 2 1 
752 1 1 3 2 1 1 2 0 3 1 1 0 1 2 4 0 2 3 3 5 3 3 2 3 4 
753 5 0 2 1 3 3 1 1 1 0 2 6 1 1 3 0 1 2 3 1 1 2 1 2 6 
754 4 2 2 1 2 2 1 4 0 3 6 2 5 2 2 2 4 0 1 2 3 2 1 2 3 
755 2 3 0 0 3 0 0 5 2 1 1 2 2 3 3 3 1 1 2 1 1 2 3 3 3 
756 0 1 1 2 1 4 3 0 3 3 2 0 1 3 0 2 2 1 2 3 1 4 4 0 3 
757 2 2 2 2 1 2 2 2 1 0 3 0 0 1 3 3 1 4 4 3 1 0 1 0 3 
758 0 2 2 2 2 5 1 4 1 1 3 3 1 5 1 3 4 0 3 3 1 3 0 1 0 
759 1 2 1 5 1 3 5 0 0 1 2 1 1 2 4 1 2 3 1 3 4 4 0 1 0 
760 1 1 1 0 3 2 1 1 0 3 4 2 3 0 1 2 3 1 0 0 1 1 1 4 3 
761 2 5 5 1 0 3 5 1 1 5 2 3 2 3 3 2 1 4 2 1 1 4 2 4 1 
762 2 4 1 0 0 3 3 2 0 4 1 2 3 1 1 2 0 0 1 3 1 2 2 2 1 
763 1 0 1 1 0 2 2 2 1 3 1 1 4 2 3 1 2 3 4 1 3 1 1 0 0 
764 3 0 1 2 2 1 1 0 2 3 2 2 2 0 2 1 2 2 0 4 1 5 0 2 4 
765 4 2 0 6 2 3 1 3 0 1 1 3 4 1 1 0 0 4 1 1 3 3 4 1 1 
766 2 1 2 2 0 0 3 3 1 2 2 1 3 4 1 2 1 0 4 4 2 2 2 2 2 
767 2 0 1 1 4 1 1 3 3 1 1 0 4 3 0 4 6 0 6 1 0 3 2 2 3 
768 1 0 1 1 2 2 5 3 1 1 1 0 0 2 1 1 4 1 1 3 0 3 0 4 2 
769 1 3 4 2 1 2 2 1 2 1 3 3 2 3 3 0 1 0 4 2 3 1 0 2 2 
770 2 5 2 4 0 2 2 0 3 4 0 1 1 0 3 3 0 1 0 3 3 3 1 3 3 
771 3 1 2 1 1 2 2 1 1 0 2 2 2 3 1 2 1 0 3 2 1 3 2 3 3 
772 4 1 3 1 2 2 2 3 5 3 4 4 0 0 0 1 3 3 1 2 0 1 1 3 2 
773 2 1 4 2 2 1 5 2 1 1 3 2 2 0 1 2 2 2 0 2 4 1 1 0 3 
774 3 0 5 0 0 1 5 1 2 1 2 5 4 1 2 1 1 1 2 1 3 0 3 1 1 
775 1 1 3 4 4 2 1 1 2 1 4 0 0 0 1 1 2 1 2 2 3 2 3 4 0 
776 0 2 1 1 2 2 2 1 0 2 1 3 3 1 4 1 4 3 3 1 1 1 1 1 1 
777 2 1 1 0 0 0 1 3 3 1 1 1 0 1 4 1 3 2 3 1 3 2 3 5 1 
778 3 1 1 2 0 3 1 1 0 0 1 2 1 8 2 2 1 2 0 1 2 6 4 7 1 
779 1 3 1 4 3 3 0 0 2 3 3 2 1 4 1 2 0 1 6 2 2 2 4 1 2 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
780 1 3 1 1 2 2 3 0 4 2 1 2 1 1 1 3 1 2 2 1 2 1 3 1 0 
781 0 1 0 3 3 2 2 1 3 3 2 1 1 2 1 1 2 5 2 2 2 5 3 3 3 
782 2 2 1 2 0 0 2 0 2 4 2 2 1 0 4 1 3 2 3 0 2 1 0 2 4 
783 1 2 1 3 3 4 0 2 8 1 1 1 3 3 1 1 5 3 3 1 1 2 3 3 1 
784 2 0 2 2 2 4 1 1 3 1 2 4 1 2 1 0 0 1 1 1 1 3 2 0 3 
785 2 1 1 0 4 1 3 1 3 1 3 4 1 0 1 2 1 2 3 3 4 3 3 3 2 
786 3 4 0 1 0 2 0 1 4 1 0 3 2 5 3 0 2 0 3 1 2 3 5 1 3 
787 2 2 5 3 1 1 0 4 3 1 2 1 1 4 2 3 4 0 0 1 3 3 3 3 3 
788 1 0 1 0 3 1 2 0 3 3 1 2 0 0 4 1 0 3 4 3 2 2 3 2 2 
789 1 1 1 4 1 2 1 0 4 2 3 0 4 1 3 5 1 1 3 2 4 2 5 1 2 
790 2 0 1 4 2 3 4 4 2 2 3 1 2 3 5 2 4 2 2 2 1 3 2 8 1 
791 2 2 0 3 3 1 1 1 0 0 3 0 2 1 1 3 7 4 4 3 3 3 0 1 3 
792 2 3 1 1 1 3 4 3 3 1 6 1 3 3 1 3 1 1 4 2 3 3 2 1 2 
793 1 2 5 2 2 1 3 3 3 0 0 1 1 2 2 3 1 2 2 3 4 3 0 0 0 
794 0 3 1 3 3 1 4 0 2 2 3 1 3 1 3 1 3 0 0 1 0 3 1 1 5 
795 3 0 0 2 3 3 2 1 3 2 3 5 2 1 1 1 2 1 1 3 2 3 2 1 3 
796 2 1 2 4 2 2 1 1 3 2 4 1 0 2 3 2 2 2 2 2 2 7 2 3 1 
797 2 3 2 0 0 1 3 5 1 0 2 4 4 4 1 1 1 2 3 5 0 0 1 2 2 
798 1 3 3 1 1 0 1 3 4 2 0 2 1 3 0 0 0 0 2 2 3 1 0 3 2 
799 0 1 1 4 0 2 3 2 1 3 1 4 1 2 1 4 4 5 3 0 4 3 1 1 0 
800 2 1 2 3 5 0 3 3 3 4 2 4 2 1 5 6 4 0 4 2 1 4 6 0 2 
801 1 3 0 1 2 2 2 3 2 3 1 3 3 1 0 4 3 2 1 2 2 4 1 1 1 
802 1 2 1 1 2 1 1 3 0 2 1 2 2 0 3 2 4 1 3 4 6 4 3 1 1 
803 5 0 1 2 2 5 2 3 1 2 2 2 4 1 2 3 1 2 2 4 0 6 2 1 1 
804 3 2 2 3 3 2 0 5 1 0 1 3 1 0 1 4 2 2 0 4 1 1 1 1 2 
805 1 0 4 1 2 3 1 4 4 2 3 2 3 4 0 1 1 2 0 3 2 1 1 1 1 
806 2 2 2 3 3 1 2 3 4 2 2 1 4 0 3 2 1 2 1 2 1 3 1 3 6 
807 1 2 5 1 3 3 3 1 2 3 3 3 5 3 5 2 3 7 3 3 9 2 2 2 2 
808 0 1 4 4 3 4 4 3 2 3 1 3 8 1 4 6 2 6 0 4 0 1 2 4 1 
809 2 3 4 1 2 4 3 1 1 1 2 2 6 2 2 3 1 2 1 6 1 0 1 3 4 
810 2 5 4 7 3 6 5 4 2 5 0 0 4 1 5 1 1 5 1 2 3 3 1 1 2 
811 0 2 4 2 3 5 2 1 2 3 5 3 4 5 3 4 0 2 6 2 0 5 1 1 4 
812 3 1 4 4 6 4 8 4 4 1 3 0 2 4 3 3 5 3 1 3 0 4 5 4 4 
813 5 3 2 2 3 7 2 5 6 3 2 4 7 3 4 2 5 6 1 4 2 2 4 3 4 
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Integrated 
counts 
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290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
814 6 5 3 6 4 3 4 0 3 2 2 5 0 7 5 3 9 7 6 0 5 0 5 6 0 
815 8 4 4 2 6 4 5 4 5 6 2 8 3 3 2 3 3 7 2 2 3 7 5 2 3 
816 7 4 6 4 3 6 4 4 5 4 3 4 5 3 5 5 9 3 2 5 4 3 3 5 6 
817 1 2 4 5 6 5 5 6 3 4 4 2 7 6 9 4 2 6 6 7 3 6 7 1 4 
818 5 2 5 6 4 6 4 5 1 6 5 3 6 5 3 6 1 5 3 4 3 6 2 4 3 
819 8 8 4 6 4 8 9 6 6 5 4 6 4 8 6 2 4 2 2 6 3 6 4 2 2 
820 10 6 5 3 2 3 5 5 6 3 3 9 3 8 5 7 6 5 1 4 0 3 2 6 10 
821 1 4 5 4 7 7 7 6 10 9 10 6 8 10 3 7 4 3 4 6 5 3 8 8 6 
822 9 4 5 7 4 9 3 8 10 9 8 2 5 3 6 7 5 5 7 4 3 3 6 5 8 
823 4 6 1 3 5 6 3 3 3 5 8 10 7 6 4 3 3 3 7 1 6 8 5 5 8 
824 6 3 6 1 4 4 3 7 4 4 8 5 6 3 4 2 7 3 10 2 3 5 3 2 8 
825 5 4 7 5 4 5 5 8 8 3 5 5 5 4 3 9 5 8 4 5 6 4 1 9 4 
826 6 14 3 4 3 5 4 5 7 2 1 3 6 4 4 3 3 1 7 5 5 10 6 6 7 
827 4 4 6 3 9 4 7 4 6 8 9 5 5 3 6 3 3 9 1 9 6 6 10 6 4 
828 8 6 8 6 8 4 3 4 5 5 3 6 5 8 5 5 3 4 5 1 4 5 7 6 3 
829 4 5 3 3 5 3 3 14 5 4 9 2 8 5 7 5 3 7 3 9 4 4 2 6 6 
830 5 3 5 4 5 9 2 3 1 3 5 7 5 4 6 4 4 4 5 6 7 5 3 5 10 
831 7 4 5 7 2 10 6 8 3 6 8 11 3 4 7 10 8 10 6 4 11 7 1 5 8 
832 2 3 8 4 7 7 8 6 5 5 2 6 7 5 6 6 3 3 7 5 3 11 12 4 3 
833 5 6 10 4 7 4 4 7 6 4 4 4 7 6 1 5 8 4 10 8 9 6 5 10 6 
834 4 5 11 2 4 3 5 1 5 7 3 2 5 5 5 6 7 6 8 8 10 8 5 3 6 
835 2 6 3 3 5 10 8 8 9 7 8 7 6 4 4 7 6 6 7 9 7 7 7 4 6 
836 7 4 4 7 4 4 4 9 5 7 4 7 6 3 9 6 6 6 6 12 1 2 8 3 8 
837 5 7 4 8 4 7 3 5 5 6 6 10 5 15 3 8 9 3 11 1 5 6 7 5 7 
838 4 1 8 4 4 8 1 4 6 7 1 2 1 7 8 4 5 6 5 5 0 5 8 6 2 
839 3 4 6 5 8 1 11 11 8 10 8 1 4 3 5 3 5 8 3 3 3 7 7 5 6 
840 4 7 3 5 1 12 6 3 5 3 11 8 5 3 5 5 8 4 7 7 3 4 6 6 8 
841 4 6 4 3 6 6 5 2 3 6 5 3 5 3 6 1 6 5 9 3 4 6 6 5 2 
842 7 5 8 6 6 6 3 2 6 3 4 4 2 5 9 3 5 6 3 7 5 4 6 5 7 
843 4 6 8 8 6 9 3 4 7 5 4 9 6 8 5 14 6 4 3 1 3 2 5 5 6 
844 3 2 4 4 5 4 5 4 6 10 6 4 3 4 4 4 4 5 2 6 6 5 4 6 8 
845 2 5 7 6 17 5 9 5 5 8 4 9 7 7 5 6 2 5 11 6 8 6 3 3 8 
846 3 5 8 5 4 3 4 7 2 6 3 7 5 5 3 6 4 6 8 5 5 4 3 6 11 
847 6 7 6 4 6 7 3 4 5 8 2 6 4 6 2 7 5 1 10 6 4 5 10 4 3 
  140 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
848 6 7 5 4 5 9 3 5 6 9 5 4 5 4 0 4 4 6 4 1 4 5 3 10 6 
849 5 4 4 2 3 5 2 6 6 2 3 6 4 6 2 3 3 3 9 7 2 9 7 4 4 
850 8 7 9 2 5 4 3 3 5 3 3 4 6 6 5 4 3 4 8 4 5 3 5 6 5 
851 4 5 4 7 6 5 7 6 6 3 4 4 9 2 2 3 3 4 2 2 2 5 4 9 4 
852 2 9 6 10 9 4 0 3 3 5 8 7 5 4 3 4 4 5 6 6 5 2 2 6 6 
853 5 4 7 4 5 1 2 2 3 6 4 7 5 6 8 6 7 5 6 2 2 3 3 4 6 
854 3 5 2 3 2 1 3 4 7 6 7 6 6 5 2 5 4 4 6 5 5 1 6 4 4 
855 3 3 5 4 4 3 0 10 4 6 3 4 6 9 2 3 2 4 4 7 3 4 6 2 6 
856 2 5 5 7 3 4 5 4 8 2 2 2 2 3 3 5 6 6 3 7 4 9 4 8 3 
857 4 4 4 5 4 4 5 3 4 5 6 7 7 6 10 3 2 8 6 3 7 2 3 2 7 
858 6 3 4 2 4 5 2 5 4 3 5 7 8 4 7 3 5 4 5 1 1 5 8 3 4 
859 7 4 8 5 7 3 5 3 3 4 7 1 8 5 4 7 3 4 1 4 5 3 4 4 5 
860 2 3 5 4 5 1 5 4 3 4 4 5 6 3 5 1 4 3 3 2 3 5 2 8 6 
861 6 3 6 4 8 3 4 7 8 0 7 5 3 3 10 4 2 4 2 6 5 3 6 3 4 
862 7 3 1 4 2 2 0 4 4 6 5 1 5 1 3 9 7 6 3 4 7 5 8 6 2 
863 8 5 2 2 2 6 6 4 1 4 2 2 6 4 5 6 7 6 5 8 4 2 5 5 3 
864 1 7 9 2 1 6 3 5 6 4 4 1 4 7 0 9 5 2 4 2 1 5 3 2 3 
865 3 2 3 4 5 2 3 5 6 1 5 2 4 2 7 2 5 5 4 5 5 5 3 4 5 
866 8 4 2 2 4 4 5 3 3 5 6 5 3 4 3 6 7 3 5 1 4 6 3 6 5 
867 4 3 4 5 4 6 2 5 3 3 5 2 3 1 6 2 2 2 5 1 2 3 5 3 2 
868 3 6 4 2 2 2 5 4 2 6 1 3 5 2 4 0 3 2 3 4 2 1 5 7 1 
869 5 3 3 2 2 1 2 6 3 5 4 2 3 3 4 4 3 1 1 4 4 2 6 3 5 
870 3 4 4 3 4 4 4 3 3 4 3 6 3 3 3 3 2 4 4 4 6 3 2 2 3 
871 4 5 2 6 1 2 2 4 5 4 2 5 2 1 1 5 6 5 0 3 6 5 3 3 4 
872 4 1 4 7 1 3 2 4 3 1 2 1 2 2 4 3 3 4 2 2 5 5 5 2 3 
873 3 3 5 1 4 6 9 3 4 0 4 3 2 2 6 4 1 4 5 3 4 4 3 3 5 
874 4 2 5 6 3 6 2 5 8 7 4 6 3 4 3 1 3 4 4 2 5 5 4 5 4 
875 2 3 4 2 5 1 2 2 4 3 4 5 5 4 1 1 9 3 4 5 8 3 3 5 3 
876 2 3 3 4 2 4 3 3 2 4 3 5 1 3 5 3 2 3 4 5 1 3 3 4 6 
877 4 3 4 1 5 1 3 1 4 6 2 8 4 5 4 1 7 2 1 4 4 3 2 1 3 
878 5 5 5 2 6 3 2 0 2 1 5 0 8 2 4 3 1 5 0 6 5 1 1 3 3 
879 4 3 4 3 3 6 1 5 4 1 5 0 6 3 4 2 2 1 8 2 3 1 1 5 4 
880 1 3 2 4 2 4 3 6 3 4 0 2 5 2 2 2 4 5 5 0 4 3 3 3 4 
881 2 5 0 3 2 6 3 3 4 5 8 1 4 2 3 3 3 1 7 3 1 5 5 1 5 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
882 1 4 1 2 2 6 4 4 6 3 2 4 2 1 3 1 3 8 5 2 4 1 4 3 5 
883 1 3 3 1 9 2 4 4 2 3 4 5 2 0 1 2 1 3 3 6 3 1 3 6 3 
884 9 1 4 2 4 6 5 2 2 1 3 2 3 0 2 3 3 6 2 0 2 4 5 1 3 
885 2 3 3 3 4 2 6 3 2 4 3 2 4 3 6 5 0 3 2 2 0 1 2 0 3 
886 3 2 1 2 4 2 1 2 2 4 3 5 1 2 0 2 4 3 2 3 1 4 4 5 2 
887 2 5 1 1 2 2 4 5 6 4 4 6 4 5 2 4 8 3 2 2 3 8 3 6 4 
888 3 3 3 2 3 0 0 3 1 0 5 4 5 2 1 3 6 2 3 3 3 1 5 4 5 
889 3 4 1 4 4 4 3 4 5 4 4 5 3 2 1 4 1 1 9 1 4 2 1 3 2 
890 4 4 6 2 2 4 1 2 3 3 1 1 1 0 2 1 3 2 0 4 6 4 3 2 4 
891 0 3 2 3 1 8 2 1 3 2 5 2 4 2 2 1 2 3 5 3 1 1 3 2 0 
892 1 0 1 2 1 2 4 0 1 5 1 2 2 5 0 5 2 1 2 0 2 4 2 0 5 
893 5 2 2 3 1 3 1 2 2 2 4 1 0 2 6 5 1 5 2 6 4 3 2 1 8 
894 2 2 3 7 2 4 5 3 4 3 1 2 4 0 3 0 6 2 1 6 3 3 0 4 2 
895 6 1 2 5 1 2 4 2 3 1 2 2 5 1 0 5 4 0 2 1 7 1 0 2 1 
896 0 5 3 5 4 3 0 4 0 1 1 1 2 3 2 3 2 1 5 2 2 4 9 5 2 
897 3 5 0 6 1 1 5 2 1 2 4 1 4 1 3 1 5 3 4 2 0 1 3 0 0 
898 3 0 3 5 1 4 2 2 1 2 5 3 6 3 2 2 1 0 2 0 3 3 3 2 1 
899 4 3 0 3 0 1 5 6 4 3 2 1 2 4 1 2 3 3 3 2 5 1 1 3 1 
900 1 3 6 2 3 4 1 1 0 3 3 2 0 2 1 5 1 3 6 6 0 3 1 3 1 
901 1 3 0 2 2 1 5 3 2 2 2 2 2 1 4 2 5 1 3 1 3 3 9 3 5 
902 0 0 3 1 0 5 4 2 4 5 5 4 2 3 3 2 1 4 2 1 2 3 0 4 3 
903 5 3 4 1 3 2 1 2 5 1 0 2 6 1 4 1 4 4 5 1 2 3 1 5 7 
904 0 4 3 2 3 3 3 4 1 4 4 4 1 6 7 0 2 4 1 4 2 5 0 2 2 
905 3 3 3 4 4 4 1 2 2 2 0 3 4 1 2 2 2 0 2 0 2 2 2 0 2 
906 0 3 1 2 0 1 1 3 1 0 3 2 2 4 5 3 5 1 5 3 3 2 0 2 0 
907 4 1 3 5 6 3 3 1 5 4 2 0 3 3 2 2 2 1 4 2 3 0 5 0 1 
908 2 3 1 1 1 3 2 2 0 1 4 0 1 2 1 2 4 6 4 5 1 1 3 2 3 
909 1 0 1 3 3 3 3 1 4 2 2 1 2 4 3 5 4 2 1 2 6 0 1 2 1 
910 2 2 3 5 0 5 1 1 4 3 2 0 3 2 3 1 5 4 2 2 0 0 1 4 5 
911 3 1 1 4 1 1 4 5 2 4 1 1 2 1 4 0 4 6 3 4 3 3 2 2 2 
912 3 3 1 4 0 1 2 3 5 2 3 4 2 1 2 2 0 1 2 3 3 5 3 1 2 
913 4 1 1 1 1 2 1 2 1 2 1 4 4 3 7 3 0 1 1 2 2 1 5 1 1 
914 2 1 0 1 2 1 2 3 1 7 1 0 0 4 2 5 1 1 4 3 1 1 1 2 2 
915 1 3 2 2 2 6 3 2 5 3 4 1 1 0 3 2 3 3 3 0 1 1 6 3 2 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
916 5 1 3 4 2 1 2 5 1 3 0 2 0 2 1 3 2 2 2 1 5 2 3 1 3 
917 2 2 2 2 2 2 1 1 2 2 1 1 3 3 0 2 1 2 1 5 1 4 4 2 3 
918 2 1 1 2 3 2 5 5 4 0 4 2 2 1 2 0 1 1 0 1 6 0 1 3 5 
919 2 0 2 2 4 1 2 6 2 2 1 2 1 1 5 1 0 2 1 4 1 1 3 1 3 
920 1 0 2 5 5 4 1 2 0 2 2 4 0 2 4 3 1 2 2 1 3 6 0 4 1 
921 3 2 2 0 2 3 3 3 1 1 3 2 1 4 3 2 1 2 1 3 3 1 2 3 4 
922 0 4 4 0 1 1 2 3 3 1 3 1 1 1 2 2 2 2 1 2 3 0 5 3 1 
923 1 0 0 0 0 4 0 1 0 3 0 8 1 1 1 3 3 3 1 2 4 2 5 0 2 
924 3 3 2 2 1 4 4 0 1 3 2 4 3 3 5 2 0 0 3 2 3 0 0 3 1 
925 0 1 1 2 1 2 0 0 2 4 2 3 4 1 1 1 3 3 2 1 0 1 6 3 2 
926 4 3 2 1 2 1 1 4 2 1 2 4 3 4 5 6 2 2 3 0 1 2 3 3 2 
927 2 1 1 2 3 1 1 1 0 1 3 3 2 3 0 4 2 3 0 1 2 2 2 1 3 
928 0 4 6 2 0 0 0 0 1 3 3 1 2 1 3 2 2 3 0 3 0 2 1 0 0 
929 1 2 2 0 4 4 1 1 4 2 0 0 0 1 0 2 0 1 1 3 0 3 0 4 0 
930 0 1 2 5 1 2 3 0 3 2 5 1 4 0 0 4 0 1 2 2 1 0 0 2 1 
931 1 0 4 0 1 2 4 1 1 1 4 1 2 1 1 0 3 1 0 2 1 1 1 2 3 
932 0 0 3 0 1 0 0 0 1 4 2 1 1 0 1 0 5 3 0 0 3 3 3 1 1 
933 2 3 0 4 1 1 2 3 1 2 4 1 2 2 1 4 1 2 0 1 1 1 3 2 0 
934 2 2 1 2 4 5 0 2 2 0 2 5 3 1 4 1 3 3 3 1 0 2 0 3 1 
935 0 1 1 2 3 2 3 3 1 2 2 1 4 2 0 2 2 2 1 1 1 2 1 2 1 
936 1 3 2 3 1 3 4 2 0 2 6 2 2 5 2 0 3 1 3 1 0 2 2 2 0 
937 4 0 3 3 0 1 1 1 2 1 5 1 2 3 1 3 2 1 2 1 1 1 2 2 1 
938 0 2 1 3 1 0 0 2 4 2 3 1 2 4 1 1 1 3 2 4 0 2 2 1 2 
939 0 1 0 1 1 1 2 1 3 4 3 3 1 3 1 3 0 1 2 1 1 3 0 0 2 
940 1 4 2 1 1 1 1 3 1 1 0 2 2 0 0 5 1 1 2 5 0 1 2 1 1 
941 1 1 1 2 1 4 0 1 2 1 0 2 2 0 2 3 1 2 1 5 1 2 1 1 5 
942 0 2 3 1 1 1 1 1 1 2 1 2 5 2 1 2 2 3 3 1 2 1 3 4 3 
943 1 0 2 1 3 0 3 4 3 2 2 1 5 0 4 1 3 2 0 0 0 1 2 5 2 
944 2 1 0 2 1 1 3 2 1 1 2 3 2 0 1 4 2 1 1 3 2 2 2 2 3 
945 0 2 1 0 2 0 2 0 1 1 2 1 3 2 1 5 1 1 2 2 1 1 4 2 3 
946 3 0 1 2 1 4 2 1 3 3 2 0 1 0 1 2 1 3 2 2 0 2 1 0 2 
947 3 1 0 2 3 0 1 1 3 4 0 0 1 2 2 2 3 0 6 2 3 2 0 1 0 
948 0 0 1 3 0 1 0 2 1 6 3 0 4 0 4 3 3 1 0 1 1 2 1 1 4 
949 2 2 1 2 1 2 1 2 1 0 1 2 0 4 2 2 3 1 1 2 2 2 1 1 4 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
950 1 2 3 2 4 0 2 1 0 2 2 3 2 4 1 1 0 1 1 0 2 1 0 0 0 
951 3 1 0 1 3 2 2 0 5 0 2 3 0 1 1 4 1 2 3 2 1 0 2 1 1 
952 0 0 0 3 2 0 1 1 1 3 1 2 2 1 0 1 1 2 3 1 1 2 2 1 1 
953 0 0 0 0 0 2 1 2 3 4 5 2 3 2 4 4 2 0 2 0 1 0 0 3 4 
954 0 1 3 1 1 1 0 0 0 3 0 1 2 2 0 3 2 0 3 4 2 3 1 2 0 
955 2 2 0 1 1 1 1 0 1 2 0 2 2 2 1 2 1 2 3 2 2 1 2 0 0 
956 1 2 1 1 0 2 4 2 0 0 2 1 2 2 2 0 0 0 3 0 2 1 0 1 1 
957 1 0 1 3 2 1 3 1 0 0 2 2 1 1 2 2 0 4 3 0 1 2 1 3 1 
958 2 0 1 0 1 2 0 0 1 0 1 3 0 4 2 1 1 0 0 4 1 3 4 1 2 
959 1 1 3 3 0 3 0 2 1 3 0 1 3 1 1 2 3 1 3 1 2 1 2 3 0 
960 1 0 3 0 3 2 1 2 0 1 1 5 0 2 1 1 3 0 4 1 1 3 2 1 1 
961 1 1 2 0 1 4 2 1 1 2 3 1 0 0 3 0 2 3 2 5 3 0 2 2 1 
962 1 1 2 0 3 3 1 1 1 0 4 2 0 0 1 3 3 0 2 1 2 2 3 2 2 
963 1 1 0 1 2 0 1 1 1 2 2 1 2 1 2 0 0 2 3 1 1 1 0 2 0 
964 2 2 1 4 0 1 0 1 3 2 0 5 3 2 1 0 0 2 0 1 0 2 1 1 2 
965 2 3 2 5 3 3 1 1 3 1 1 3 3 2 1 3 2 1 1 1 3 1 4 1 1 
966 0 4 3 3 1 3 0 0 1 2 3 1 1 2 2 2 0 2 1 2 0 3 1 0 0 
967 1 1 2 3 1 0 2 1 5 0 1 1 0 3 4 3 0 2 2 1 0 2 0 0 1 
968 0 3 1 4 3 2 3 2 2 1 2 0 0 0 1 2 2 2 1 2 2 1 2 2 2 
969 0 0 0 1 2 3 1 1 2 2 1 3 1 4 1 1 3 3 0 1 1 2 2 1 2 
970 0 0 0 0 2 1 4 1 0 4 1 1 2 2 4 2 1 1 0 2 1 1 3 0 2 
971 0 2 1 2 3 0 2 1 1 2 0 0 1 1 2 0 0 0 1 1 1 2 3 0 1 
972 2 0 4 2 5 0 2 2 0 1 0 1 1 1 0 3 0 2 5 2 0 0 2 1 1 
973 2 0 4 2 0 3 0 0 1 2 2 1 0 1 0 4 1 3 1 5 1 2 0 1 4 
974 1 0 0 0 3 0 3 0 2 2 0 2 2 0 0 0 0 2 0 0 1 2 3 1 1 
975 1 0 2 2 2 2 1 1 1 3 3 2 1 3 2 1 0 0 2 1 1 2 6 0 0 
976 3 1 1 2 4 2 3 2 2 0 3 6 3 0 0 2 3 1 2 1 3 1 0 0 1 
977 0 4 1 1 1 1 1 2 2 0 3 0 1 4 2 1 4 4 0 1 0 1 0 0 0 
978 1 1 6 0 1 0 0 0 2 0 1 0 2 1 0 0 1 1 3 1 5 2 2 3 3 
979 0 3 1 0 4 2 4 1 0 1 1 2 2 1 0 1 2 1 1 1 0 3 1 1 0 
980 0 1 3 0 2 0 2 3 0 0 2 3 2 2 1 2 1 1 1 1 1 3 4 1 0 
981 1 1 0 0 2 1 1 2 2 2 0 3 0 1 1 2 1 2 2 0 1 1 0 1 1 
982 0 3 0 2 3 1 1 0 0 0 0 1 2 0 2 2 1 1 0 1 1 1 1 4 0 
983 0 1 4 1 0 1 0 1 1 4 2 1 0 0 0 0 1 0 0 1 0 1 1 0 1 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
984 2 1 1 3 1 0 0 1 1 1 0 0 1 0 3 1 2 0 2 2 2 0 3 0 3 
985 2 1 0 3 0 3 1 1 1 2 0 1 1 0 3 2 3 4 1 2 1 3 3 1 1 
986 1 0 1 2 3 0 2 1 3 1 1 2 1 1 2 3 3 1 1 2 3 0 0 2 3 
987 0 0 2 1 1 0 1 2 1 0 1 0 2 2 2 0 3 2 0 0 3 2 1 1 1 
988 0 1 2 0 0 0 2 2 0 1 1 1 3 1 1 2 1 1 1 1 0 1 3 5 2 
989 0 1 0 3 1 2 0 2 1 0 1 1 0 1 0 2 5 0 0 4 1 1 2 0 1 
990 0 2 1 3 2 1 0 1 1 1 0 3 2 4 1 2 0 4 1 3 2 0 2 1 1 
991 1 0 1 0 0 1 2 2 2 1 0 1 1 2 1 0 3 1 2 1 1 0 1 2 1 
992 1 1 0 2 0 0 0 1 1 3 2 2 4 1 2 1 3 2 0 0 1 1 0 0 3 
993 2 1 0 0 0 2 2 1 0 1 1 2 1 0 2 1 0 2 3 1 0 3 3 3 0 
994 2 1 3 0 2 3 1 2 0 2 0 1 1 2 1 0 2 0 1 2 0 1 2 2 1 
995 1 2 2 1 2 2 2 1 1 1 2 2 2 1 4 1 0 0 1 1 0 0 2 2 0 
996 3 0 0 0 1 0 1 1 2 0 4 1 2 4 1 0 2 3 1 2 3 2 0 1 2 
997 1 1 2 1 0 3 1 0 2 1 1 3 1 0 1 2 0 2 0 0 1 1 1 1 2 
998 2 1 1 1 3 1 3 1 1 2 2 2 1 2 0 2 2 0 2 3 1 2 1 0 1 
999 1 0 2 1 0 4 1 0 1 2 2 1 1 1 1 1 0 1 0 3 1 0 2 1 0 
1000 0 2 0 2 1 0 1 2 0 1 1 0 1 1 1 1 0 3 0 1 0 2 0 2 3 
1001 2 1 1 1 1 1 4 2 2 1 0 1 1 2 3 1 0 1 5 0 0 0 1 0 0 
1002 0 1 0 2 3 1 1 1 2 2 3 0 0 1 2 0 0 2 1 2 0 3 1 2 1 
1003 2 1 1 1 1 0 0 1 0 0 1 1 4 1 1 0 2 1 0 1 4 0 1 1 0 
1004 2 2 0 0 2 1 2 0 1 3 2 0 0 0 0 1 2 2 0 0 0 1 2 1 0 
1005 0 2 2 0 3 4 2 2 1 1 1 2 0 1 1 3 2 0 1 2 1 0 0 1 1 
1006 1 1 2 0 2 0 1 1 2 2 0 1 1 4 3 4 0 2 1 2 1 1 2 1 1 
1007 0 2 1 1 0 1 0 3 2 2 2 2 0 0 0 1 1 0 0 1 0 1 3 0 2 
1008 2 4 3 0 0 0 1 2 0 0 1 1 2 2 1 1 1 1 2 1 2 1 1 0 1 
1009 1 0 1 3 0 1 0 1 1 0 2 0 1 0 1 0 2 4 0 2 2 5 1 1 1 
1010 1 4 0 2 0 2 1 0 0 1 1 0 0 2 2 2 0 0 3 2 1 1 1 1 2 
1011 0 1 1 0 1 1 0 1 0 1 4 1 1 1 0 0 5 0 1 4 0 2 1 2 3 
1012 1 0 1 4 3 0 1 1 2 2 1 3 1 1 0 0 1 1 1 3 0 1 1 1 0 
1013 0 1 1 4 1 2 1 1 0 2 0 2 3 0 2 0 3 2 0 1 0 2 0 2 0 
1014 2 2 1 1 1 2 1 0 0 2 0 2 1 1 2 2 0 1 1 2 1 1 0 0 0 
1015 0 4 1 2 0 1 1 3 0 2 2 1 2 1 1 0 1 1 2 0 2 0 0 1 1 
1016 3 3 2 4 2 5 0 0 2 0 1 0 2 0 1 2 4 0 0 0 0 1 1 4 2 
1017 0 2 1 4 1 3 2 1 3 2 0 2 1 0 2 0 0 0 1 0 2 2 3 0 0 
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Integrated 
counts 
(channel 
290-405) 834 889 1261 1272 1272 1272 1307 1312 1289 1315 1213 1228 1194 1265 1241 1163 1180 1146 1087 1111 1054 1050 967 833 807 
1018 0 3 0 0 0 0 0 1 0 1 4 3 0 2 0 0 2 0 1 4 0 1 0 3 2 
1019 0 0 1 1 3 1 1 0 0 1 2 2 2 1 0 3 0 0 0 2 0 2 1 1 1 
1020 2 1 3 3 1 0 1 1 2 0 1 2 1 0 0 1 0 6 0 0 1 0 1 2 2 
1021 1 2 2 2 5 1 0 4 4 2 1 3 2 1 1 2 0 1 1 2 2 4 1 3 2 
1022 3 4 1 0 0 2 3 1 3 1 3 2 2 2 4 1 3 2 2 2 2 3 1 0 1 
1023 1 0 0 2 0 1 3 4 0 3 5 1 0 1 1 0 2 2 1 0 1 2 0 2 2 
1024 436 424 436 423 415 399 451 419 437 407 452 430 402 444 399 433 437 406 428 412 439 435 429 469 439 
 
 
Table C8. 1D gamma data for the 10 mM column. 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 6 6 7 11 4 14 7 4 8 7 7 6 7 8 9 8 8 6 8 7 6 7 3 5 6 
14 37 47 34 40 38 43 29 39 43 42 38 29 37 32 30 30 43 30 49 31 33 35 38 39 32 
15 42 44 52 59 47 46 39 43 31 42 54 55 32 41 33 58 38 50 50 31 40 39 46 39 40 
16 41 34 39 37 43 42 45 46 35 38 54 43 51 41 46 49 44 47 39 51 52 44 47 36 35 
17 41 35 46 53 41 47 43 46 37 60 41 39 47 42 50 42 40 58 52 40 52 56 44 33 45 
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integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
18 20 15 19 18 16 22 20 17 10 20 18 8 13 15 18 13 14 17 25 12 17 18 10 17 10 
19 14 10 17 15 15 14 13 15 25 14 10 19 6 19 11 13 14 14 16 19 13 11 9 12 14 
20 13 14 15 10 12 15 19 14 13 16 10 10 11 13 14 12 23 14 8 14 20 8 17 8 11 
21 10 16 14 13 16 14 18 21 18 11 9 14 16 20 15 13 23 18 19 18 21 7 16 8 13 
22 15 27 15 16 22 14 23 14 19 15 13 23 16 23 22 14 16 19 18 17 14 8 8 9 23 
23 19 16 22 20 18 17 18 22 24 11 17 23 16 18 22 15 13 15 18 15 16 14 11 11 15 
24 16 18 13 27 18 14 14 19 18 20 24 27 24 24 26 19 19 20 22 19 16 22 10 11 14 
25 21 17 16 12 23 17 21 22 22 22 24 21 25 19 23 14 17 16 22 22 25 24 19 20 17 
26 16 23 31 28 15 18 25 31 26 26 16 23 23 23 24 20 27 12 25 18 17 19 26 18 7 
27 20 18 22 23 33 21 24 22 23 21 15 19 14 27 29 21 25 18 29 14 23 21 23 27 15 
28 27 25 18 22 29 22 26 24 25 30 24 15 26 29 21 29 25 19 18 24 35 20 22 16 22 
29 18 29 18 25 27 23 26 31 28 31 22 20 22 26 24 27 26 15 19 21 37 22 19 15 20 
30 24 24 18 26 29 19 18 22 29 22 22 33 21 11 19 16 26 25 23 29 15 28 27 16 13 
31 22 24 33 31 19 27 28 29 26 24 27 23 23 28 32 28 29 16 25 20 24 18 25 17 17 
32 27 23 23 21 21 23 27 31 28 20 21 31 19 20 29 23 33 20 31 28 20 29 22 18 21 
33 21 25 25 24 28 29 31 38 22 34 23 30 30 18 30 23 23 34 29 22 28 28 19 14 24 
34 23 23 31 24 20 26 32 22 26 27 32 24 18 30 36 21 26 22 34 27 27 23 16 15 27 
35 36 32 27 33 27 28 24 33 23 33 33 20 35 24 32 32 20 34 30 26 27 28 27 17 30 
36 26 27 35 22 20 32 36 28 27 28 34 34 21 24 23 20 22 24 28 25 29 33 26 27 25 
37 25 27 30 29 27 22 36 20 36 35 32 24 31 27 27 25 28 42 36 17 27 33 17 18 36 
38 26 33 33 22 29 35 34 29 32 36 27 29 29 41 28 41 28 30 28 24 32 31 26 23 22 
39 26 30 43 29 36 26 31 34 32 32 39 25 38 31 37 38 29 40 22 28 37 39 22 27 26 
40 37 34 23 31 31 21 17 30 30 25 30 27 33 26 43 35 30 25 29 27 29 24 25 28 24 
41 32 29 30 36 29 25 37 36 32 24 33 38 46 43 34 20 30 33 40 25 25 28 31 28 26 
42 30 35 34 36 31 27 38 24 26 28 33 32 28 29 32 35 32 36 27 26 35 25 26 26 34 
43 40 29 35 33 37 30 46 34 38 26 36 32 30 33 41 24 37 37 35 39 23 19 26 27 33 
44 22 33 22 29 33 33 31 35 40 45 40 40 30 35 32 29 28 36 34 35 30 32 21 25 37 
45 32 23 32 29 27 45 45 31 36 43 30 36 29 30 31 44 32 24 24 27 37 27 23 30 28 
46 27 25 33 31 24 46 34 29 32 31 36 33 27 43 26 30 29 25 37 25 30 28 34 26 12 
47 33 29 32 29 32 29 29 28 39 32 29 30 39 23 30 40 39 25 35 32 39 33 29 34 25 
48 34 24 36 21 33 38 21 30 23 36 25 36 25 37 28 22 24 33 24 25 27 21 21 24 20 
49 29 21 27 25 19 31 22 28 20 27 24 20 32 25 31 27 29 23 27 18 30 22 19 24 25 
50 25 28 19 41 23 28 33 33 31 29 23 18 24 31 25 34 22 25 17 28 26 20 23 21 20 
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integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
51 28 27 23 23 23 30 28 23 33 35 26 39 30 27 22 39 29 23 19 23 29 30 28 26 16 
52 28 22 23 26 21 29 29 19 15 27 30 23 32 25 20 13 22 24 28 26 24 23 22 27 20 
53 28 28 25 21 22 29 29 27 36 18 24 26 29 22 21 20 26 18 22 17 29 17 16 26 23 
54 23 26 26 18 28 21 28 14 20 25 31 23 19 25 24 28 31 24 22 22 28 30 21 23 18 
55 23 24 25 16 23 25 36 27 24 17 32 19 17 19 27 21 24 30 13 18 17 16 19 24 12 
56 24 16 17 24 24 32 16 18 19 29 21 27 16 21 24 18 23 28 18 25 24 21 20 20 12 
57 20 17 28 15 25 9 24 33 28 21 22 14 17 32 20 16 20 26 29 11 17 16 23 19 12 
58 20 22 23 28 15 19 26 21 20 19 22 23 17 20 28 11 18 26 16 20 20 18 17 14 11 
59 17 14 16 15 24 18 25 19 21 18 10 20 18 20 11 16 15 17 15 20 14 12 18 13 9 
60 17 21 17 12 26 25 18 16 25 12 17 12 10 15 16 21 20 31 14 18 12 10 20 21 22 
61 21 19 7 17 22 20 17 22 22 11 26 12 21 12 19 19 15 15 12 21 16 7 20 13 10 
62 15 16 19 11 23 12 15 20 15 16 20 20 18 26 22 24 23 20 14 12 20 19 20 6 12 
63 15 18 22 12 20 17 19 8 22 18 12 20 14 20 15 13 13 6 19 17 16 17 7 21 9 
64 17 13 19 16 14 21 23 14 18 15 15 15 21 16 15 19 13 21 27 22 22 18 12 16 14 
65 11 22 20 16 11 9 13 16 18 14 23 18 13 19 16 17 21 16 10 13 20 23 18 14 12 
66 18 21 17 10 23 20 13 7 8 23 7 18 11 14 16 12 10 18 17 20 11 15 11 14 11 
67 13 13 19 13 12 15 11 14 16 14 23 12 19 22 14 15 11 24 23 12 19 18 23 10 8 
68 12 8 8 16 21 14 18 15 14 9 14 14 17 16 20 12 21 22 15 15 11 14 15 7 17 
69 17 11 20 16 14 22 27 15 13 19 14 12 19 18 16 15 13 11 15 17 15 13 19 24 9 
70 4 15 11 12 12 13 25 24 17 25 14 14 16 15 15 18 17 9 14 16 17 21 20 18 16 
71 17 18 24 16 21 18 20 15 12 14 16 16 19 13 18 15 16 17 14 16 12 14 17 10 13 
72 17 27 25 15 14 13 16 19 16 10 14 16 9 13 17 13 16 14 12 22 16 14 12 6 11 
73 17 15 17 18 15 18 18 17 15 18 16 15 12 12 22 14 16 20 15 18 18 15 9 7 9 
74 14 12 17 8 21 19 20 16 14 22 20 22 18 12 14 9 15 14 20 11 8 12 8 11 12 
75 12 12 8 19 14 13 18 10 19 10 13 18 16 9 10 12 14 14 19 13 21 14 16 14 10 
76 9 10 10 11 14 16 16 11 26 14 23 15 14 21 14 13 13 25 18 12 19 25 14 23 13 
77 15 11 18 14 23 16 22 21 9 16 17 12 9 13 10 17 12 21 10 13 16 16 16 15 9 
78 14 18 16 20 17 14 15 19 21 15 20 21 18 12 21 13 14 9 14 16 19 11 6 21 13 
79 15 19 15 13 19 8 24 14 18 16 14 23 13 16 17 18 12 17 8 15 18 15 14 12 8 
80 13 14 17 22 14 17 11 16 20 21 8 14 12 19 15 21 12 19 12 12 14 19 12 8 10 
81 8 15 13 12 17 11 8 17 10 11 16 14 15 20 14 9 18 13 21 21 12 13 8 7 8 
82 24 23 19 14 17 12 18 11 19 9 16 22 13 19 20 10 12 20 18 10 11 20 13 14 6 
83 16 13 21 14 16 16 11 15 7 16 18 20 20 19 18 12 18 13 13 16 14 16 14 9 10 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
84 18 19 14 21 22 17 13 17 15 12 15 15 7 15 19 17 20 22 14 13 13 12 10 16 10 
85 14 22 17 17 22 18 10 20 12 22 24 18 15 12 13 14 21 19 17 12 10 20 14 12 12 
86 14 22 13 20 16 19 19 27 9 18 10 14 16 15 26 17 13 26 16 21 23 10 14 12 17 
87 14 13 13 22 18 13 20 19 21 22 10 18 19 19 13 18 16 12 13 16 12 11 15 10 12 
88 14 17 14 8 15 18 14 17 14 12 14 16 17 18 32 13 19 15 8 12 14 13 7 12 6 
89 10 20 21 19 14 13 19 16 14 18 14 14 15 15 22 20 12 5 14 8 10 9 9 13 16 
90 16 17 19 21 10 22 17 22 14 22 18 9 16 15 12 21 12 16 19 14 18 9 13 10 12 
91 24 9 12 17 10 17 11 11 14 16 19 8 18 11 16 21 21 12 14 16 16 17 18 13 11 
92 12 19 12 15 12 15 12 15 12 19 17 16 13 17 16 25 21 14 27 17 17 16 10 13 13 
93 14 8 24 17 11 17 17 10 17 10 14 18 12 15 8 21 12 19 17 16 20 17 9 6 8 
94 21 16 17 25 16 18 24 13 25 13 18 22 16 19 15 15 18 14 14 9 12 11 11 14 10 
95 16 9 18 19 15 17 19 23 14 22 13 14 22 18 21 15 15 25 12 17 17 13 17 10 13 
96 14 16 22 15 14 19 14 16 13 19 18 8 15 20 8 12 18 12 16 15 15 10 10 12 14 
97 14 16 8 19 9 16 12 18 22 16 24 19 9 19 15 14 18 24 15 9 10 17 12 10 10 
98 21 13 14 11 21 22 15 9 17 14 11 14 9 15 16 16 16 15 18 16 16 10 6 8 15 
99 16 16 13 22 11 17 22 21 11 14 10 14 22 15 23 18 19 15 10 17 19 12 6 14 17 
100 11 7 19 16 15 10 22 15 15 14 16 17 19 20 6 15 13 14 25 14 20 19 20 11 8 
101 9 16 19 18 17 11 16 22 12 15 17 21 15 12 13 13 15 14 24 13 19 13 14 11 10 
102 19 18 18 17 17 21 13 14 19 21 15 15 12 16 16 22 12 12 17 18 15 11 11 12 7 
103 12 14 13 14 20 35 20 21 18 22 13 14 19 16 12 16 16 21 12 23 16 14 11 15 9 
104 14 14 8 21 24 19 19 23 13 22 13 16 20 18 11 10 23 13 18 15 16 11 10 10 11 
105 15 16 15 20 21 17 13 22 14 15 14 19 19 11 21 17 12 9 21 17 10 19 11 19 5 
106 16 19 13 14 13 16 13 18 17 22 20 24 15 15 22 11 17 11 20 14 20 19 17 10 14 
107 11 27 13 17 13 17 12 9 19 14 25 12 19 21 21 14 13 16 19 11 21 17 11 13 4 
108 15 14 13 9 17 21 12 14 25 15 15 17 12 15 13 19 15 19 14 16 15 21 18 9 14 
109 13 12 13 19 11 14 17 15 22 22 15 19 19 13 12 21 18 20 17 19 11 16 11 10 12 
110 5 20 10 15 11 15 15 19 16 18 18 17 19 8 23 12 18 9 12 18 12 10 12 11 11 
111 16 12 9 17 14 13 23 12 22 24 16 20 15 18 15 11 16 10 17 9 20 13 14 11 6 
112 19 14 8 14 20 19 19 12 15 17 19 11 23 12 19 17 20 14 22 11 18 15 14 16 11 
113 18 17 22 21 15 20 12 24 18 13 12 16 16 23 8 17 13 15 20 18 17 18 11 13 8 
114 14 17 21 11 16 17 9 13 14 17 13 13 11 20 15 13 13 13 18 18 28 14 14 14 9 
115 19 17 19 17 20 21 13 20 17 17 15 16 14 17 20 13 17 12 21 26 14 13 11 7 9 
116 15 12 9 17 14 26 11 16 21 21 20 16 17 20 19 18 19 13 22 14 15 10 8 11 16 
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integrated 
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(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
117 10 18 20 12 13 12 24 19 22 8 21 14 17 18 18 18 7 21 12 18 19 17 14 10 16 
118 8 12 24 15 18 25 19 23 13 16 18 14 18 15 19 14 14 20 21 15 16 13 13 10 16 
119 14 15 25 18 13 17 21 16 24 14 17 16 16 12 15 17 19 16 15 17 13 16 19 14 14 
120 7 8 17 20 16 16 17 17 11 13 17 20 23 24 17 15 14 20 16 13 14 14 22 9 5 
121 19 11 16 11 16 15 20 14 16 18 19 21 22 16 23 18 12 20 18 18 9 17 15 11 10 
122 12 13 18 13 22 14 18 14 24 18 24 14 26 13 19 17 12 18 19 23 21 14 11 9 14 
123 14 15 12 18 18 23 22 11 17 18 8 20 12 13 18 17 15 27 27 22 17 12 11 11 18 
124 11 20 17 16 17 11 20 10 21 13 16 17 12 18 18 31 24 14 12 19 25 20 12 13 14 
125 19 11 24 15 21 10 12 12 18 13 21 13 19 13 22 19 21 16 27 13 19 19 11 15 12 
126 16 13 16 23 24 14 12 20 29 23 17 21 15 27 18 12 21 14 18 17 19 18 14 8 14 
127 22 19 23 17 16 20 17 18 20 9 15 15 23 19 19 17 7 13 21 24 14 13 12 16 8 
128 12 14 16 25 25 17 15 17 18 13 16 19 23 16 14 17 15 19 11 19 20 16 7 16 13 
129 15 24 12 18 14 9 12 16 18 16 14 15 14 28 10 14 17 10 21 16 17 17 23 11 13 
130 22 22 13 17 15 13 18 25 13 18 17 11 15 18 21 18 19 14 20 17 21 8 15 14 10 
131 16 17 19 12 19 20 8 14 15 7 23 18 19 14 15 11 19 12 10 14 22 21 11 14 12 
132 13 18 15 18 10 18 11 10 15 24 20 20 18 22 14 16 15 10 13 17 21 13 9 15 7 
133 20 14 15 17 11 15 13 20 12 13 16 20 17 8 22 13 14 12 14 11 14 11 12 11 16 
134 16 13 19 22 16 15 18 15 12 13 16 14 23 20 15 8 19 19 22 17 15 17 8 15 17 
135 13 19 18 15 22 12 19 13 15 12 9 16 18 12 16 14 13 12 13 15 13 15 14 9 11 
136 10 16 19 10 15 15 20 17 13 15 20 16 20 19 26 22 19 12 8 20 18 15 9 19 11 
137 13 14 17 17 22 15 15 14 20 15 20 15 18 23 10 15 13 20 18 17 8 17 21 9 16 
138 14 12 12 9 12 14 15 13 14 19 20 24 21 21 14 20 11 24 19 27 17 12 16 15 13 
139 10 19 10 12 12 14 20 24 15 14 20 12 10 9 23 22 15 14 19 18 16 15 13 9 12 
140 11 20 21 19 11 20 16 12 19 15 17 17 16 12 10 20 21 11 21 15 10 20 9 15 8 
141 15 17 17 21 17 17 20 13 20 9 21 13 13 22 16 15 19 17 17 14 18 13 12 7 8 
142 22 16 18 13 18 17 19 27 18 11 19 17 16 24 12 12 12 18 19 13 21 17 10 10 10 
143 17 13 21 17 13 14 14 13 16 18 17 12 13 13 16 29 12 24 19 10 22 14 11 6 12 
144 10 9 13 16 13 5 20 18 16 23 16 8 11 13 18 13 14 10 11 12 10 11 8 8 15 
145 23 14 21 19 14 14 18 13 21 17 16 15 17 16 17 15 17 12 18 14 23 15 13 11 4 
146 7 10 16 25 13 12 17 19 10 10 21 16 7 12 12 15 18 14 20 19 17 15 10 14 11 
147 9 14 12 17 22 17 15 11 7 25 10 12 14 15 11 23 14 11 17 18 15 12 2 13 6 
148 13 11 17 14 14 7 11 14 21 16 16 24 17 21 14 10 13 10 11 18 24 8 6 13 8 
149 16 16 23 14 18 17 22 17 19 13 20 17 16 15 17 17 17 15 12 22 13 13 9 11 8 
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(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
150 16 18 23 16 15 16 18 16 10 10 11 16 15 11 12 18 15 17 26 14 9 15 15 14 16 
151 12 12 13 17 18 19 17 17 23 22 15 16 19 10 16 15 17 16 15 19 18 13 6 12 15 
152 15 16 12 18 15 17 17 15 11 21 15 22 17 15 19 13 13 17 10 10 20 13 17 3 10 
153 18 8 7 11 15 14 16 9 13 11 9 20 15 8 16 18 16 15 12 18 13 17 10 15 11 
154 15 11 13 19 12 9 18 19 13 15 16 20 20 16 18 21 21 13 18 16 11 14 15 14 11 
155 22 15 11 9 18 18 13 19 26 8 23 12 17 13 15 14 17 11 17 22 18 8 11 13 12 
156 9 11 9 19 13 21 11 18 17 20 14 16 20 24 16 14 16 14 14 7 11 17 17 7 12 
157 18 21 18 14 17 9 13 20 17 21 13 20 17 14 17 19 20 18 17 10 10 18 18 15 13 
158 15 10 14 22 15 15 22 21 15 10 16 10 19 22 7 17 13 16 11 15 18 15 6 15 10 
159 16 17 18 19 14 12 21 14 14 14 19 16 17 15 18 13 15 19 16 20 19 9 11 14 6 
160 8 17 22 13 14 15 18 16 16 12 16 12 20 9 15 27 9 12 18 14 15 8 7 9 13 
161 17 9 22 12 21 17 16 18 20 15 14 15 17 9 10 15 18 10 17 20 13 23 8 10 6 
162 10 9 14 19 16 13 13 13 12 11 19 21 17 15 20 24 9 18 17 22 14 10 12 10 8 
163 11 9 11 16 14 20 17 13 15 18 11 13 20 16 11 14 10 20 17 8 14 14 11 11 9 
164 14 16 11 10 14 14 13 13 7 11 24 21 12 20 14 16 11 13 16 15 9 8 15 9 17 
165 7 12 13 9 18 21 5 16 8 11 15 18 14 13 11 8 15 10 9 14 8 11 16 9 11 
166 10 16 17 11 9 13 18 14 25 12 14 17 15 11 9 13 19 22 13 23 11 18 14 21 13 
167 12 17 15 13 23 19 17 17 22 14 17 13 12 21 18 17 8 17 16 14 16 8 12 7 9 
168 14 19 21 12 11 15 19 15 13 13 11 19 17 16 25 10 13 15 17 9 19 11 14 13 10 
169 16 21 11 16 16 7 13 15 8 22 10 19 15 12 14 12 14 17 13 21 14 11 13 14 8 
170 6 15 14 22 9 13 20 12 17 11 11 13 10 14 18 13 12 23 17 16 11 9 16 9 5 
171 14 15 15 20 17 18 22 13 14 13 17 16 10 20 16 14 9 14 10 12 18 14 11 9 4 
172 11 14 14 16 13 8 12 13 8 22 19 15 14 18 13 21 12 17 18 13 9 8 14 10 8 
173 10 13 11 15 14 16 11 11 17 19 15 14 17 16 20 13 10 23 17 14 9 13 5 9 10 
174 13 10 11 16 12 15 13 14 10 23 15 7 10 15 16 19 11 21 12 18 9 13 10 10 11 
175 10 18 16 13 15 10 17 9 11 22 10 17 13 22 17 18 12 13 13 12 18 18 13 9 4 
176 14 15 15 15 23 15 13 16 12 18 8 17 18 20 13 19 16 9 13 12 15 15 11 14 12 
177 14 9 13 17 16 12 17 16 16 25 15 8 11 21 20 11 13 12 12 22 14 11 7 12 10 
178 15 15 13 11 15 18 19 12 17 14 16 19 16 15 10 14 8 15 19 19 13 9 8 6 11 
179 14 17 21 18 11 14 8 8 14 10 16 17 12 13 13 20 16 13 16 14 11 16 10 10 9 
180 13 14 20 17 8 4 10 20 12 10 14 18 19 11 14 13 15 16 17 19 15 11 8 10 10 
181 15 13 11 19 11 14 10 21 11 13 16 13 13 12 23 14 17 8 16 13 14 14 7 15 9 
182 10 11 20 16 18 15 14 8 10 11 11 12 20 10 18 16 11 10 18 12 14 10 15 13 10 
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integrated 
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(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
183 10 9 12 12 16 12 12 13 14 9 15 17 13 20 7 15 17 19 14 14 27 8 11 10 7 
184 7 9 12 15 13 17 20 12 9 19 7 17 16 13 17 16 16 16 9 17 14 6 12 6 14 
185 7 14 8 10 14 11 16 18 13 22 25 18 12 15 18 8 12 6 18 18 12 13 10 15 3 
186 17 6 13 14 15 12 20 16 18 10 13 13 15 14 16 17 12 15 24 16 17 10 10 11 5 
187 14 11 14 16 15 12 20 20 9 17 12 9 11 18 13 15 10 19 13 22 16 7 8 16 6 
188 19 16 17 14 16 14 9 11 14 14 15 18 11 13 18 17 21 17 11 14 14 11 17 15 22 
189 16 15 10 23 11 21 13 5 20 5 11 19 17 14 15 14 17 15 17 13 15 13 8 15 13 
190 15 15 15 9 18 22 6 9 13 12 18 18 8 18 22 15 10 14 9 13 6 7 5 5 14 
191 13 8 9 17 14 12 14 11 15 15 16 10 14 11 10 21 12 19 17 14 14 5 8 13 7 
192 11 18 15 9 15 13 15 13 12 14 14 11 15 15 15 24 15 15 15 18 17 10 5 12 10 
193 13 16 11 8 16 14 11 11 13 14 10 12 11 18 12 17 14 19 13 14 20 13 17 7 14 
194 5 7 9 16 15 13 13 15 8 15 20 14 11 10 15 22 13 20 15 9 9 13 13 5 7 
195 12 11 21 13 12 12 14 17 22 16 11 14 12 9 22 11 14 17 19 15 15 19 14 7 10 
196 12 9 7 13 9 16 14 16 23 12 13 17 24 13 12 15 13 13 15 9 13 13 9 12 6 
197 12 12 14 16 8 10 17 18 10 14 9 13 21 16 6 20 14 12 19 17 13 14 9 8 8 
198 11 16 14 12 12 16 21 14 18 10 19 15 11 13 17 20 11 9 17 21 16 15 17 16 12 
199 12 8 19 17 19 10 11 19 17 13 14 13 12 19 13 16 14 18 11 22 13 12 12 7 8 
200 17 11 14 13 13 13 16 10 16 12 13 14 13 12 12 12 14 16 9 19 15 11 11 13 14 
201 15 16 15 10 10 14 13 11 17 23 15 9 12 15 14 9 11 13 15 14 7 20 11 10 8 
202 8 13 8 4 14 8 22 15 13 15 19 17 9 11 15 16 8 19 11 14 12 14 11 16 9 
203 14 21 14 14 8 12 8 21 14 13 11 8 13 12 16 14 14 15 21 9 10 8 12 7 8 
204 9 16 15 11 15 9 17 10 24 10 13 18 20 11 7 15 13 14 15 19 14 8 7 7 15 
205 8 10 9 16 12 14 10 16 11 12 12 10 21 14 17 19 13 12 12 16 12 13 6 7 8 
206 16 13 16 8 11 19 12 15 13 15 11 20 12 20 14 16 21 8 16 9 15 5 19 6 11 
207 15 13 10 11 22 14 14 11 11 12 10 9 10 15 18 13 12 10 16 20 16 14 9 5 3 
208 14 13 13 15 15 16 13 24 22 11 22 15 18 11 9 17 17 15 16 11 15 13 9 15 8 
209 11 6 14 21 13 8 14 14 12 13 15 20 11 11 12 14 12 14 15 19 11 9 8 4 13 
210 13 4 14 16 14 7 9 11 8 18 25 20 11 10 19 11 17 10 14 14 12 18 11 8 12 
211 12 11 14 17 9 14 13 22 19 13 17 15 12 12 14 11 10 14 16 13 15 10 13 6 8 
212 9 16 15 19 16 23 9 14 10 17 9 18 19 16 18 15 26 8 13 21 16 11 12 15 8 
213 13 18 10 13 10 22 17 12 18 18 12 15 17 14 15 16 11 15 15 13 10 11 12 12 10 
214 10 14 9 14 13 20 18 13 16 14 12 15 18 11 20 18 19 19 16 18 12 19 10 8 7 
215 10 15 16 9 20 23 9 15 15 13 13 12 16 10 9 11 8 19 16 15 6 12 12 9 13 
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integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
216 8 14 14 19 14 10 14 10 10 13 12 10 14 12 14 11 17 14 13 16 15 14 7 9 10 
217 15 16 7 9 14 11 21 20 16 9 17 17 15 15 8 9 12 12 14 17 15 11 13 6 9 
218 14 15 14 17 14 14 14 11 21 9 14 11 13 23 15 13 9 9 17 8 9 9 7 6 11 
219 19 10 10 15 13 14 10 13 11 17 18 10 15 5 17 4 11 16 14 13 12 9 12 12 13 
220 7 9 10 12 10 20 16 21 17 21 16 17 15 17 15 23 18 20 14 17 11 9 14 12 9 
221 13 12 15 11 14 17 19 16 10 14 17 15 14 10 15 13 19 13 6 16 12 12 8 13 7 
222 8 9 15 14 14 24 13 7 8 8 10 11 15 16 9 9 13 14 13 12 12 17 9 9 8 
223 14 14 12 16 13 11 17 13 14 19 10 9 9 8 17 15 7 7 17 10 16 14 11 9 7 
224 13 13 14 16 9 15 13 17 11 15 18 12 12 12 15 14 14 9 5 14 8 11 7 14 6 
225 15 11 11 14 15 13 15 13 8 11 11 10 17 13 13 12 12 5 10 16 9 14 9 9 9 
226 13 13 6 19 8 12 15 18 13 11 14 12 13 21 14 8 9 13 11 16 11 11 11 10 11 
227 12 13 10 9 11 14 11 10 16 9 15 15 16 10 11 15 20 15 19 10 8 16 10 3 7 
228 13 20 13 14 19 5 9 12 15 14 14 15 9 16 14 13 16 15 14 15 17 15 13 9 8 
229 11 13 13 11 17 14 11 10 11 9 10 12 13 9 14 13 9 14 13 16 16 15 5 11 7 
230 13 11 8 13 6 13 16 11 9 14 13 12 11 16 10 13 11 14 16 10 11 9 7 6 10 
231 10 14 16 14 10 11 19 21 8 13 8 13 18 13 12 9 19 16 11 13 17 15 10 16 9 
232 13 10 17 19 7 22 20 15 18 19 12 11 19 19 12 11 10 11 10 14 11 15 13 17 18 
233 12 14 15 12 20 14 21 9 17 12 14 14 21 19 21 16 21 15 21 16 16 17 15 18 9 
234 9 15 13 12 22 17 15 12 26 18 12 16 10 12 16 14 15 17 22 14 20 13 13 7 13 
235 15 19 10 19 22 22 18 20 16 16 24 27 18 24 20 19 19 24 30 29 23 13 17 8 20 
236 21 20 20 17 17 22 15 33 21 17 23 22 12 13 29 21 24 23 19 18 25 21 21 16 15 
237 23 30 22 33 27 15 26 21 20 29 23 21 24 19 25 32 16 27 32 25 22 19 21 16 27 
238 26 25 28 25 29 34 22 21 32 31 26 30 35 23 21 26 27 23 39 20 28 18 28 19 25 
239 21 28 26 23 38 18 31 38 19 26 30 28 35 26 26 26 39 37 39 29 28 25 24 31 33 
240 37 38 33 39 32 31 34 36 37 35 37 35 37 37 34 29 30 36 33 41 44 30 21 32 27 
241 37 36 37 40 36 31 23 29 39 33 34 33 29 27 31 29 38 29 32 27 26 37 31 36 37 
242 40 37 39 29 44 36 46 44 37 37 38 42 41 36 34 37 27 29 44 37 40 29 42 38 26 
243 42 33 39 57 45 44 45 38 40 31 33 34 37 56 42 43 50 46 38 49 39 42 33 29 42 
244 41 50 34 48 47 44 47 44 46 42 39 42 47 47 44 55 37 32 39 35 48 57 31 29 50 
245 41 44 55 46 47 51 65 43 48 42 45 46 53 35 44 51 42 46 43 37 51 45 51 40 32 
246 37 42 44 52 43 55 40 46 40 57 43 47 55 40 42 41 47 40 43 50 41 42 46 44 34 
247 53 43 45 35 45 51 42 40 55 42 50 41 53 55 54 48 44 52 55 44 44 49 27 41 45 
248 47 46 59 43 42 52 46 45 45 41 47 43 62 67 60 43 46 45 50 53 48 44 48 59 34 
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(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
249 48 46 50 37 39 58 45 47 45 47 45 46 39 46 62 50 50 46 47 46 38 42 42 36 40 
250 46 55 51 58 42 50 59 37 40 41 44 46 56 46 51 57 51 55 38 59 51 40 40 34 29 
251 42 37 49 50 59 49 55 38 53 29 49 39 54 36 47 49 41 38 38 51 52 41 51 48 35 
252 36 38 49 38 53 48 46 53 43 37 40 38 37 51 41 51 41 47 45 48 46 52 32 38 32 
253 54 40 47 43 39 48 48 42 42 56 52 48 36 35 46 36 41 45 54 55 49 57 29 32 31 
254 43 28 40 51 42 54 50 33 58 38 34 41 48 41 40 43 48 50 41 33 39 42 40 46 43 
255 37 44 48 53 47 49 45 42 43 47 44 38 46 41 47 41 36 55 45 45 43 38 33 50 37 
256 42 42 34 49 44 40 55 37 33 33 46 38 38 56 47 32 37 43 40 32 42 39 21 38 35 
257 35 39 45 47 37 39 41 38 56 41 51 47 44 40 43 40 34 43 42 48 50 36 30 35 33 
258 27 26 39 35 31 40 32 31 37 45 40 28 38 40 42 32 31 38 50 36 40 39 36 25 35 
259 36 46 28 42 22 45 34 29 45 43 52 30 35 41 35 28 34 33 39 21 35 33 33 39 33 
260 33 24 30 30 39 29 38 35 35 36 30 38 47 37 35 35 27 31 27 34 23 31 32 33 28 
261 27 39 36 35 31 33 32 30 36 25 25 37 39 32 30 25 25 33 31 31 49 22 23 22 33 
262 27 26 39 32 25 34 30 39 32 33 35 25 26 31 25 27 35 32 25 42 35 29 32 27 26 
263 14 33 33 25 37 28 38 26 30 34 30 26 32 27 37 32 26 19 36 27 38 38 27 29 23 
264 34 36 28 37 27 22 36 27 20 25 35 23 27 25 31 29 28 36 36 21 23 26 31 22 31 
265 24 35 36 27 29 23 28 29 32 26 30 32 30 21 26 34 26 31 29 26 32 24 28 25 20 
266 25 24 30 20 31 34 27 25 40 24 28 29 27 29 27 21 25 20 29 41 30 22 26 32 31 
267 28 22 20 24 22 21 22 25 28 32 22 28 29 29 27 32 36 27 22 32 25 31 20 25 17 
268 18 23 29 30 29 20 23 26 19 21 31 38 21 42 23 31 32 22 33 24 33 22 25 30 29 
269 32 28 26 21 30 26 26 20 29 30 22 34 27 31 21 24 26 28 20 30 23 27 26 23 24 
270 27 23 26 31 20 35 37 17 13 26 29 24 27 21 24 29 29 23 24 26 28 25 18 22 22 
271 21 24 25 30 16 32 26 23 24 24 24 18 19 13 18 24 23 28 22 16 22 22 26 15 21 
272 26 19 21 27 25 32 26 27 23 25 32 23 16 18 25 25 21 18 21 23 30 17 27 12 20 
273 17 25 23 19 19 30 16 30 28 21 27 24 22 25 26 32 16 22 16 28 26 14 26 11 32 
274 12 23 31 19 23 14 19 26 24 21 26 11 19 18 20 24 25 11 24 19 21 25 21 20 23 
275 22 17 19 22 18 22 23 15 34 29 20 26 14 25 23 36 25 27 22 25 16 22 15 17 12 
276 21 25 14 23 24 24 20 21 26 21 17 22 16 24 14 18 24 23 19 34 16 29 18 18 23 
277 25 23 24 28 24 24 21 29 25 26 27 18 23 23 26 20 23 19 19 23 18 20 17 17 23 
278 27 16 19 28 23 22 23 22 24 23 23 19 18 24 22 25 32 26 16 19 22 31 16 26 13 
279 19 16 21 18 31 24 23 21 10 16 20 25 18 29 26 22 30 17 19 22 20 14 15 20 19 
280 20 19 25 15 18 15 25 21 24 22 19 25 21 17 31 16 24 18 23 21 17 13 14 18 14 
281 26 34 23 12 15 16 18 17 23 17 25 16 23 17 23 20 23 11 23 21 23 23 25 18 28 
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(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
282 26 10 21 21 22 23 18 21 21 20 24 21 25 19 20 24 20 21 20 16 15 15 16 21 12 
283 19 20 20 18 22 16 12 23 24 21 18 22 21 20 12 23 7 17 21 17 14 25 15 15 16 
284 11 14 20 19 26 24 23 25 20 21 14 11 17 12 21 17 21 27 15 20 11 20 21 15 12 
285 11 19 20 23 12 15 24 22 27 21 21 18 22 17 23 20 13 22 16 21 10 20 21 19 18 
286 20 17 18 23 21 22 18 20 32 15 14 15 10 23 23 17 27 16 13 20 28 23 19 15 13 
287 20 13 15 14 25 19 19 24 32 20 18 17 19 14 20 22 18 20 16 16 19 16 18 12 11 
288 23 9 23 16 15 18 22 15 15 14 15 20 16 16 19 17 15 11 16 24 12 15 12 21 17 
289 20 15 15 26 24 16 9 28 20 14 21 11 14 18 17 18 18 9 20 20 12 10 16 16 14 
290 16 14 25 11 16 19 15 19 11 14 25 12 16 21 16 15 18 27 18 14 17 12 16 15 11 
291 13 15 13 8 14 15 12 24 18 13 22 15 17 20 19 17 18 16 11 12 13 10 21 10 17 
292 13 14 14 21 22 19 14 17 16 15 16 11 15 17 22 11 15 19 20 19 16 14 9 19 11 
293 15 11 12 11 26 15 18 18 19 15 13 12 15 19 19 12 14 15 12 11 12 15 16 6 9 
294 18 21 21 18 15 7 15 10 12 16 19 19 19 20 10 20 16 12 13 17 14 16 13 20 9 
295 12 14 10 11 16 17 17 16 21 20 13 17 20 20 15 18 19 15 14 7 16 9 19 23 10 
296 13 16 18 20 15 17 13 16 13 17 16 17 20 17 23 14 23 17 12 14 16 6 10 15 9 
297 12 19 19 23 19 13 11 13 10 15 20 14 13 9 20 14 18 26 15 20 11 13 14 19 7 
298 9 16 14 18 17 18 16 12 16 16 15 15 15 9 18 12 12 19 13 17 18 22 10 19 9 
299 14 12 8 19 20 10 23 16 25 21 21 11 13 18 11 19 21 20 13 10 12 7 12 8 7 
300 11 9 13 21 8 17 21 16 12 12 10 16 10 9 16 16 11 20 11 10 10 19 13 12 12 
301 14 13 17 11 13 17 14 21 19 17 15 15 15 14 15 17 10 9 13 18 16 14 11 11 5 
302 11 16 8 14 6 17 16 21 12 13 13 20 16 10 10 11 17 11 11 19 13 18 18 18 10 
303 14 9 19 17 22 11 23 13 19 12 15 16 25 12 11 20 15 13 13 14 11 18 13 11 8 
304 13 9 10 10 11 24 10 15 20 13 15 18 13 21 19 11 13 15 18 10 14 20 9 13 9 
305 13 14 15 14 14 12 18 16 14 13 20 12 12 18 14 14 8 20 13 15 14 14 6 11 12 
306 17 12 13 8 14 24 14 13 14 12 17 19 12 19 11 17 8 8 13 14 18 9 13 12 11 
307 10 10 19 14 12 9 18 22 13 15 14 19 19 11 16 16 14 12 15 15 20 12 15 15 8 
308 21 12 13 9 8 13 21 19 16 20 14 10 11 14 21 13 15 20 12 12 8 16 13 8 10 
309 6 21 15 13 12 11 13 23 11 21 10 24 9 17 22 14 20 21 10 19 14 17 18 9 15 
310 13 24 13 10 13 19 16 16 13 21 15 20 13 17 14 12 14 11 19 10 11 12 7 13 8 
311 10 8 10 9 13 13 21 10 16 21 16 19 21 12 12 12 12 15 19 17 11 17 15 15 12 
312 18 19 15 18 11 13 7 18 11 17 17 11 18 16 21 16 24 15 23 13 11 11 10 14 3 
313 10 16 13 13 11 16 14 14 14 15 14 9 14 13 15 10 12 16 16 13 13 16 7 11 14 
314 9 21 15 10 14 16 23 23 13 12 17 16 11 14 19 13 12 12 16 14 11 10 9 5 7 
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315 14 16 14 27 13 14 10 13 12 15 12 14 15 11 13 15 13 13 15 11 13 20 12 10 9 
316 10 13 21 14 12 19 13 15 12 14 16 19 16 16 20 14 13 19 18 15 11 24 6 3 17 
317 8 14 10 20 14 16 17 13 23 19 11 11 12 11 19 16 19 10 9 15 16 24 7 11 9 
318 9 17 19 11 15 14 17 22 11 15 16 21 14 11 13 15 24 14 12 17 11 22 13 13 10 
319 19 11 13 12 17 11 9 20 8 19 12 11 13 23 13 13 14 14 24 27 17 13 6 10 5 
320 12 15 15 17 13 20 12 17 11 14 14 10 7 15 12 15 16 16 16 15 10 13 8 10 14 
321 12 20 17 13 18 10 19 14 17 14 14 18 18 15 13 14 13 18 9 13 17 11 1 12 11 
322 12 19 18 15 19 14 21 22 19 11 22 15 9 14 12 17 13 15 11 9 16 11 11 8 8 
323 18 22 13 18 16 18 11 11 17 10 8 13 11 14 12 21 19 12 16 13 9 11 8 5 9 
324 11 20 14 18 11 11 16 14 11 15 21 20 24 12 16 18 18 19 14 15 15 13 5 4 4 
325 10 10 17 23 18 20 15 14 19 18 18 12 11 14 11 14 22 9 17 11 19 10 18 7 10 
326 16 14 12 22 12 20 19 19 16 17 12 13 18 16 17 18 14 16 23 12 17 14 10 11 11 
327 14 17 15 15 11 17 19 24 12 18 18 12 7 9 22 19 16 16 18 21 13 17 16 7 8 
328 21 16 14 20 17 26 23 18 15 16 18 10 16 14 12 18 33 24 17 24 14 10 11 10 10 
329 14 13 28 17 32 14 15 26 22 17 10 19 9 18 13 23 20 20 15 15 18 17 13 9 8 
330 18 19 19 18 14 20 26 18 16 24 24 20 14 21 20 23 19 13 19 18 19 13 9 7 9 
331 14 21 13 22 18 21 16 22 22 15 17 21 15 12 15 21 18 13 23 18 14 12 15 17 6 
332 17 18 23 18 17 15 21 13 26 15 24 16 22 23 13 17 8 14 16 19 26 19 5 7 6 
333 17 21 21 19 23 16 18 14 16 15 15 21 18 16 20 26 30 18 22 17 16 21 9 16 10 
334 9 10 26 16 23 18 28 21 22 20 16 19 20 10 15 18 28 13 21 15 17 11 13 8 8 
335 25 15 13 18 16 14 14 19 18 23 28 18 17 16 14 17 16 16 16 18 21 13 14 15 7 
336 8 19 18 15 20 20 14 18 24 22 20 28 13 14 18 15 23 23 13 18 25 23 5 12 5 
337 25 19 19 18 18 11 24 17 23 13 22 22 20 18 15 15 19 15 25 18 12 21 13 7 7 
338 22 16 13 15 14 21 26 25 29 18 14 26 15 20 20 25 26 21 24 20 24 22 14 10 6 
339 24 21 17 25 21 16 23 22 21 26 18 19 26 20 16 17 24 30 14 9 19 23 14 14 4 
340 16 16 12 17 17 12 15 22 23 24 18 20 18 22 26 17 17 15 23 20 18 10 13 11 7 
341 14 19 22 24 22 28 20 18 23 15 29 18 23 24 26 24 22 26 24 16 21 14 15 7 10 
342 20 15 23 19 21 22 26 20 17 21 15 21 23 34 22 20 17 15 28 32 20 19 9 9 9 
343 14 18 18 20 20 27 21 24 28 24 25 19 27 21 32 22 22 22 17 25 19 21 3 10 14 
344 21 21 23 25 25 27 27 28 16 12 29 26 27 27 16 26 12 24 24 30 22 18 4 8 7 
345 26 22 23 26 23 22 22 31 22 29 32 29 26 23 22 25 17 15 18 16 20 17 7 11 12 
346 11 25 22 24 18 30 31 21 23 21 21 23 19 22 25 21 11 19 32 20 21 26 11 9 9 
347 20 18 21 27 29 17 20 31 24 34 17 12 28 26 27 18 26 24 19 28 34 29 14 14 10 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
348 23 27 14 16 21 19 21 28 20 24 25 31 17 19 23 19 19 14 15 19 21 18 13 4 7 
349 23 22 22 26 24 20 22 18 21 30 22 26 21 24 29 29 19 27 19 22 38 24 8 8 7 
350 12 24 27 25 31 21 26 28 24 22 20 19 26 27 30 28 18 18 26 30 39 20 9 7 5 
351 15 24 20 24 26 20 28 30 25 23 27 31 23 16 30 27 37 23 23 22 21 22 9 11 8 
352 22 26 30 26 23 28 22 25 30 21 25 25 24 17 21 23 17 29 26 19 26 19 13 11 10 
353 23 27 27 23 25 27 31 23 28 26 23 31 30 22 31 33 29 25 20 34 27 29 11 7 6 
354 20 26 21 29 21 23 23 20 28 26 17 26 16 20 21 14 24 26 23 24 24 21 7 5 9 
355 20 20 28 21 31 23 28 20 26 22 17 19 24 31 21 24 22 27 18 38 25 18 6 5 5 
356 14 23 27 29 15 28 23 23 22 24 26 29 23 21 28 20 18 13 25 29 23 16 12 5 11 
357 26 23 24 40 18 26 33 19 18 21 30 23 21 20 21 22 20 25 32 30 21 17 11 10 7 
358 22 26 24 16 23 17 33 32 24 27 16 27 32 20 23 30 28 20 24 21 30 17 12 10 3 
359 15 30 20 25 26 25 31 21 18 29 27 18 21 28 26 23 24 25 23 28 28 31 14 11 5 
360 14 25 21 30 20 23 22 18 35 20 23 26 22 32 22 22 25 19 21 26 24 22 9 11 9 
361 14 18 17 24 23 25 22 27 30 28 33 22 29 29 23 26 28 21 29 30 20 21 11 11 9 
362 24 25 31 18 25 30 34 20 18 14 15 26 19 25 19 30 23 37 23 19 34 29 10 15 7 
363 21 25 23 18 28 24 29 24 25 22 12 29 25 24 26 17 27 20 22 24 18 17 8 3 7 
364 25 28 29 24 30 35 23 32 17 19 25 18 19 21 30 24 27 25 24 29 22 19 17 8 8 
365 17 25 18 33 17 20 23 18 26 29 18 15 30 26 29 20 24 26 27 20 35 15 8 7 7 
366 22 28 25 14 20 32 31 18 28 23 21 18 26 20 20 20 26 22 21 19 22 19 8 14 2 
367 25 21 17 27 35 25 20 18 21 25 19 27 21 36 37 28 25 24 19 24 30 17 13 10 10 
368 19 24 15 25 16 29 23 28 24 22 23 22 19 29 20 16 28 28 31 31 25 21 9 8 13 
369 23 29 24 25 14 29 33 21 24 26 29 22 31 19 15 22 32 18 19 36 20 20 6 7 7 
370 17 24 19 22 29 12 25 17 18 15 27 19 26 17 28 26 19 19 16 28 23 26 8 3 6 
371 19 27 21 29 26 15 24 16 20 17 28 16 24 24 25 23 23 20 36 21 22 22 10 8 5 
372 22 26 17 21 19 16 25 21 23 32 34 21 24 18 31 16 31 27 20 27 33 15 6 11 4 
373 15 37 25 17 20 24 23 25 23 17 18 28 20 22 24 28 19 21 19 30 18 20 13 7 2 
374 17 27 38 19 11 22 22 25 16 25 22 28 21 20 15 22 19 27 26 27 17 28 6 10 11 
375 13 20 20 20 23 22 23 23 18 17 17 15 27 18 17 23 30 19 22 27 18 11 5 6 7 
376 13 21 24 14 23 18 20 19 8 31 24 23 23 13 20 18 24 20 31 27 20 16 17 9 9 
377 23 15 13 17 18 23 22 23 23 17 18 23 21 26 22 12 23 18 22 17 19 11 7 10 9 
378 22 22 20 24 19 13 26 21 21 20 13 21 29 17 14 24 20 19 27 35 23 13 10 6 8 
379 10 22 19 24 16 26 12 18 20 17 11 18 16 16 22 21 20 18 15 19 11 15 5 7 6 
380 17 21 20 19 22 22 11 21 21 23 17 11 22 19 17 13 20 18 20 23 16 17 6 5 10 
  157 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
381 17 20 19 16 21 19 23 17 27 15 26 15 16 19 19 16 16 18 23 17 26 20 11 9 5 
382 21 21 16 13 15 16 18 17 24 16 15 18 18 13 25 20 18 19 20 11 20 9 11 9 5 
383 11 9 17 12 18 19 21 16 27 16 15 20 24 14 16 23 19 20 15 10 17 19 6 13 6 
384 12 9 14 25 17 17 13 19 15 12 19 10 22 14 12 22 17 14 19 15 21 14 8 6 10 
385 14 11 16 17 24 22 9 9 14 15 13 15 20 16 11 14 9 23 19 20 17 12 8 10 4 
386 12 14 20 15 13 19 16 16 17 15 15 9 13 16 19 19 22 12 15 8 11 16 6 12 7 
387 15 16 16 12 8 9 12 13 9 17 16 16 19 28 22 10 18 21 13 17 21 21 9 9 4 
388 16 13 18 18 16 9 14 14 10 22 19 17 19 11 12 11 22 14 18 14 15 14 13 5 6 
389 7 12 14 16 17 12 13 14 11 20 12 16 18 13 21 14 17 13 15 11 17 13 6 13 5 
390 10 13 15 10 10 14 11 27 16 12 18 11 21 12 9 14 17 14 23 13 14 8 7 7 9 
391 19 17 12 16 14 17 9 19 10 15 13 16 17 15 15 16 6 16 11 17 14 20 12 7 4 
392 11 13 10 13 12 12 12 15 12 18 16 14 6 15 19 10 19 4 12 11 11 13 10 5 5 
393 7 12 16 13 11 8 9 16 15 14 8 16 19 17 10 16 10 10 10 15 12 15 6 5 12 
394 14 13 5 14 18 11 15 12 15 14 13 14 19 17 17 14 11 13 17 11 9 8 8 7 9 
395 11 10 14 14 10 10 4 14 8 13 13 13 10 15 12 14 13 13 19 16 16 10 9 8 5 
396 13 10 9 15 7 4 11 13 15 12 9 11 7 13 13 8 8 12 14 11 10 9 7 7 5 
397 11 8 10 10 14 17 10 15 12 10 9 7 8 14 10 7 9 13 18 14 11 6 4 12 6 
398 8 10 8 4 10 8 9 15 7 6 14 12 11 14 13 16 11 8 8 10 9 15 8 7 8 
399 8 12 17 8 14 8 15 15 12 11 16 10 13 9 7 8 8 16 9 10 11 8 6 10 6 
400 14 6 10 7 13 17 9 9 15 7 5 11 18 11 13 15 16 12 11 16 11 11 8 7 5 
401 4 10 14 10 13 10 13 4 11 13 11 9 8 10 5 9 12 10 9 9 11 6 8 8 10 
402 11 6 5 8 3 4 7 10 4 10 9 7 11 9 10 8 11 10 10 8 11 12 1 6 5 
403 8 17 9 13 4 9 6 9 13 9 11 5 9 11 8 8 13 16 14 7 15 7 6 7 5 
404 11 9 10 3 3 4 7 5 9 7 10 12 7 10 12 12 6 6 6 9 7 9 10 4 3 
405 4 12 10 5 11 10 8 8 8 6 9 12 8 12 13 8 6 8 8 7 9 10 3 8 1 
406 9 9 13 7 6 9 6 7 15 6 12 6 12 7 6 8 16 10 12 9 3 8 4 5 2 
407 6 8 8 8 4 7 7 8 2 8 5 6 8 12 6 12 8 9 11 8 10 10 6 3 4 
408 7 9 3 15 6 8 7 6 8 7 4 6 5 7 5 13 5 6 8 8 9 7 5 0 6 
409 11 5 8 14 2 9 13 6 9 10 8 3 13 8 5 7 5 10 11 8 8 11 3 10 4 
410 8 10 9 6 5 6 9 7 12 6 4 8 5 5 6 5 4 11 6 5 4 8 10 7 4 
411 6 5 5 8 6 6 3 4 7 4 7 6 12 6 7 13 12 8 3 9 6 7 4 4 5 
412 8 5 7 8 3 9 6 3 4 9 6 7 7 4 3 6 9 9 7 3 7 4 5 5 6 
413 11 4 5 10 5 5 3 9 8 4 10 6 9 7 4 4 11 6 9 6 9 4 6 4 4 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
414 5 6 5 5 2 7 6 7 3 7 10 4 6 8 3 3 5 3 9 5 5 5 5 5 5 
415 8 4 8 5 3 7 8 5 5 9 6 8 5 5 9 8 1 7 8 4 7 4 3 3 5 
416 6 6 6 5 5 4 8 10 6 7 9 5 3 10 2 3 3 2 7 5 7 4 1 6 1 
417 2 1 5 2 6 4 7 8 3 6 3 8 4 5 6 13 10 7 7 13 3 5 7 3 5 
418 7 2 3 7 4 4 6 7 1 6 7 5 5 7 2 4 5 6 5 4 7 7 4 4 5 
419 8 7 6 8 5 3 6 5 5 1 5 12 5 6 5 3 2 6 7 8 2 5 1 7 2 
420 8 2 7 7 10 5 4 4 5 4 3 8 4 7 7 5 6 4 5 6 4 4 7 6 5 
421 4 6 4 5 3 7 3 1 3 6 8 3 3 2 5 3 5 5 2 7 2 4 8 4 4 
422 11 4 10 5 7 4 1 3 4 7 4 8 6 2 7 5 9 9 8 8 4 5 10 4 2 
423 3 11 2 6 6 6 5 1 6 8 4 5 5 4 4 2 3 7 2 4 3 3 5 5 6 
424 9 6 2 8 2 5 4 4 3 8 4 7 3 7 7 7 8 6 3 7 7 3 6 3 5 
425 3 2 7 3 1 5 4 5 8 6 4 1 7 5 3 5 1 8 5 3 3 3 5 5 2 
426 6 5 4 9 3 3 5 14 5 3 10 2 8 4 11 6 7 5 7 6 2 3 5 5 4 
427 6 9 8 8 3 7 4 6 4 3 5 3 1 3 5 7 5 5 7 2 5 3 5 6 5 
428 2 2 4 4 5 6 1 5 3 9 8 6 3 4 4 3 3 7 5 5 5 5 5 4 3 
429 5 1 2 7 7 4 2 2 3 8 8 3 4 1 3 4 1 1 5 6 5 5 7 6 5 
430 6 3 1 3 4 6 3 4 5 2 2 6 8 8 9 4 7 6 6 4 1 6 5 8 1 
431 5 5 3 2 7 2 3 8 5 5 4 3 8 3 6 6 2 6 6 6 4 8 3 6 6 
432 6 4 4 3 10 5 4 1 5 7 5 5 5 7 5 6 9 4 7 3 8 5 10 4 5 
433 5 3 8 2 5 1 1 5 1 5 3 4 6 4 4 8 6 5 2 5 0 1 5 2 5 
434 5 2 4 3 4 2 3 2 5 4 6 2 5 4 8 2 5 5 7 6 3 6 6 5 4 
435 2 4 4 6 7 3 7 8 6 6 6 1 1 2 2 7 3 6 4 1 3 6 4 4 5 
436 7 9 5 8 3 4 3 5 5 3 5 3 5 2 5 5 3 6 5 1 4 6 3 8 3 
437 2 4 5 10 6 3 8 2 6 7 6 8 6 3 6 3 6 6 4 4 3 3 2 3 6 
438 2 4 5 5 3 4 3 3 4 4 3 5 5 3 3 5 0 4 6 4 3 8 6 7 6 
439 5 6 5 4 1 3 7 2 6 2 9 7 0 4 7 5 3 4 0 5 6 7 7 4 0 
440 1 5 8 2 2 7 2 4 3 2 3 6 5 6 5 7 2 5 7 5 3 6 6 4 5 
441 4 5 6 5 6 4 5 9 2 4 6 5 7 2 5 3 6 5 3 5 8 1 3 5 4 
442 8 1 2 5 4 7 2 3 7 1 3 3 5 8 3 2 3 4 5 3 7 5 3 2 5 
443 3 7 4 3 2 2 4 3 4 4 4 3 9 4 8 5 2 2 3 3 4 3 5 3 3 
444 6 2 6 8 5 3 3 3 1 1 3 10 7 3 6 5 8 3 3 5 7 2 6 6 6 
445 9 4 3 7 7 5 1 1 3 5 11 6 2 3 3 4 6 5 4 6 5 1 2 3 8 
446 7 5 4 5 2 6 5 2 4 4 3 3 5 8 4 1 1 3 4 3 7 4 2 3 2 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
447 3 4 1 2 3 4 5 5 3 3 5 4 2 4 5 2 4 5 4 5 3 1 2 4 6 
448 2 1 8 6 3 4 2 1 1 6 5 6 2 1 5 3 3 6 2 3 2 0 5 1 3 
449 5 6 6 4 10 7 5 3 4 3 6 0 5 4 5 5 6 4 3 7 9 2 3 8 2 
450 5 2 4 2 5 3 4 3 4 3 5 5 2 7 10 5 2 4 3 6 5 3 4 2 5 
451 2 3 9 4 3 2 2 4 8 3 1 1 1 3 5 7 1 3 6 1 3 6 2 1 2 
452 3 1 6 3 11 3 5 3 8 6 4 4 7 7 5 4 6 8 3 8 5 3 2 2 2 
453 2 7 1 1 3 3 4 3 6 1 2 3 1 7 5 5 4 6 5 6 7 5 8 5 3 
454 3 4 4 5 3 5 0 2 5 3 6 8 3 3 5 8 5 8 3 3 5 4 6 6 6 
455 4 9 4 1 3 2 4 2 4 3 5 9 5 3 4 6 3 0 1 5 2 2 5 5 7 
456 2 2 3 4 3 3 4 6 7 3 2 2 4 3 2 2 3 3 1 3 4 6 4 4 0 
457 4 8 4 4 0 2 5 8 4 4 7 3 3 1 7 3 1 3 4 5 5 4 2 2 3 
458 4 3 3 2 4 4 4 4 5 4 6 4 7 0 5 5 3 0 4 6 3 3 5 6 5 
459 7 3 4 3 4 3 7 2 3 2 1 7 3 6 2 6 7 1 1 5 5 4 3 4 9 
460 5 5 1 5 5 4 5 5 9 5 2 4 1 5 2 4 11 4 6 3 4 1 4 4 4 
461 8 1 6 4 4 3 4 3 6 3 2 5 4 5 5 3 1 3 5 4 7 5 5 5 1 
462 5 4 5 6 3 2 2 3 1 4 7 5 5 4 2 5 3 6 4 2 5 3 2 3 2 
463 0 4 3 2 1 6 4 8 4 5 3 1 1 3 7 6 2 2 5 3 1 6 3 6 4 
464 4 5 8 7 4 4 5 6 3 5 7 2 1 5 4 7 3 3 5 6 4 1 2 6 6 
465 6 3 5 3 3 2 7 4 7 7 4 1 1 2 7 4 3 5 4 7 4 3 2 5 2 
466 2 6 3 5 5 3 4 4 1 1 6 8 3 1 2 4 3 2 4 4 4 3 5 3 2 
467 9 2 4 5 4 8 5 3 10 4 5 8 5 3 9 3 3 2 4 4 2 4 3 6 3 
468 6 4 4 3 1 3 2 6 4 6 1 5 3 4 4 1 3 5 3 5 6 1 5 2 3 
469 8 5 5 3 4 8 3 6 6 2 5 3 6 1 7 4 4 6 4 1 4 6 2 4 5 
470 6 7 2 3 2 2 5 0 5 2 3 1 5 3 1 3 4 5 2 1 7 2 2 3 5 
471 3 3 3 1 5 4 1 3 5 5 4 2 2 1 1 4 4 1 6 2 4 3 7 3 3 
472 4 4 5 5 4 3 5 7 3 1 2 5 3 7 2 6 3 6 5 5 6 1 7 3 7 
473 4 4 9 6 3 2 2 2 5 6 2 4 2 5 4 5 5 4 4 4 9 2 6 5 3 
474 7 2 4 5 4 4 5 4 8 6 1 1 4 2 3 5 9 4 7 7 7 4 6 2 4 
475 4 2 1 2 1 4 4 3 6 2 4 6 7 7 3 3 3 2 7 4 3 1 4 5 1 
476 1 2 6 3 2 6 6 5 7 2 7 4 2 1 5 4 4 4 4 3 2 1 6 6 4 
477 1 3 4 3 7 2 7 4 2 4 5 3 2 7 4 4 4 4 3 5 6 1 2 2 4 
478 6 6 6 0 4 4 3 5 6 2 3 2 3 1 5 0 3 4 4 9 1 7 2 4 4 
479 4 2 7 6 3 4 5 4 3 3 8 3 3 2 6 6 6 3 3 6 6 4 7 6 6 
  160 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
480 5 0 3 5 3 7 5 7 0 1 5 3 6 2 1 0 1 5 2 6 4 3 3 4 3 
481 4 2 3 8 3 4 4 2 0 3 6 6 3 7 4 1 6 2 2 2 4 8 7 2 6 
482 3 1 4 5 3 2 5 1 2 5 1 5 2 5 3 5 9 3 6 5 2 2 3 4 2 
483 7 3 1 8 2 2 4 2 3 6 0 3 3 5 1 3 2 3 0 3 8 3 3 5 4 
484 3 7 2 4 4 4 3 6 2 2 7 3 2 5 6 4 4 3 2 3 3 5 5 5 2 
485 8 3 6 5 2 1 5 3 4 4 2 8 7 6 3 4 3 3 1 6 3 4 5 6 3 
486 2 4 3 4 2 4 5 3 5 3 3 0 4 6 5 5 2 5 2 7 4 2 4 3 2 
487 5 8 7 5 5 5 4 7 1 3 1 3 4 4 8 6 2 5 9 3 7 2 5 1 2 
488 4 5 7 4 2 4 5 6 3 2 3 2 2 5 7 6 6 2 4 3 4 3 7 6 3 
489 8 3 5 1 0 6 1 2 6 4 6 4 6 4 3 2 0 4 4 4 2 6 3 3 0 
490 3 2 4 5 4 7 3 6 6 3 0 6 5 9 3 5 3 5 7 1 1 2 2 2 7 
491 4 3 3 2 4 4 2 3 3 5 7 4 3 11 3 4 7 4 3 4 4 2 4 4 6 
492 2 3 2 4 1 3 5 8 3 1 3 2 5 4 3 5 7 3 4 8 3 3 7 4 3 
493 9 4 8 5 4 10 6 4 6 6 0 6 1 8 5 2 5 3 3 4 7 1 3 4 6 
494 4 6 5 7 0 6 5 5 3 3 11 1 1 4 5 6 5 3 3 4 1 4 3 4 6 
495 2 5 6 4 3 4 5 4 0 4 9 3 9 6 3 9 1 1 2 3 3 6 3 3 2 
496 4 2 8 3 5 3 3 6 3 6 3 3 5 3 2 3 2 3 5 3 1 1 3 4 3 
497 4 5 0 3 3 2 4 2 6 4 6 2 4 7 2 4 4 6 2 8 3 0 4 4 1 
498 2 2 3 2 2 7 4 5 5 0 5 7 3 3 6 4 3 3 7 3 2 5 4 2 4 
499 4 0 5 3 3 6 4 6 4 2 2 4 7 3 6 2 5 7 2 1 1 5 5 2 4 
500 7 3 2 4 1 6 5 5 3 6 2 6 4 6 2 2 5 4 5 1 5 4 4 1 9 
501 2 1 3 5 5 5 7 2 3 2 6 7 5 4 3 6 3 1 2 2 5 4 4 2 6 
502 5 4 3 1 4 3 6 5 3 4 4 5 2 5 5 3 1 3 3 7 3 2 3 10 6 
503 4 3 3 3 3 4 1 4 3 2 5 2 6 3 3 6 3 4 2 3 3 4 4 3 6 
504 3 2 4 1 7 5 0 7 6 3 4 3 3 2 5 1 5 2 1 3 5 5 6 1 3 
505 4 7 5 4 2 1 7 1 2 4 5 7 3 5 5 4 5 3 1 5 3 2 3 5 4 
506 5 3 6 4 5 6 5 2 2 2 1 4 5 3 5 2 3 3 6 6 5 5 2 4 6 
507 4 3 2 2 1 6 3 3 5 3 1 1 6 4 4 4 4 2 5 7 4 6 1 3 3 
508 5 4 5 5 3 1 4 5 2 5 5 3 9 4 5 0 4 5 3 6 4 2 4 1 2 
509 3 4 6 2 2 5 1 4 5 3 4 9 1 7 5 7 4 1 3 5 3 6 1 1 4 
510 5 7 3 4 3 4 5 6 3 5 8 4 1 4 7 4 3 1 4 5 5 5 3 3 3 
511 5 7 4 5 4 3 3 5 2 3 4 2 2 3 2 3 5 3 2 1 4 5 7 7 6 
512 3 6 5 4 5 1 5 3 7 3 2 6 4 3 2 5 4 2 6 2 4 2 2 3 0 
  161 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
513 1 2 6 8 1 6 6 2 8 4 5 6 4 3 4 3 3 3 5 3 2 6 6 5 3 
514 9 3 4 4 4 2 6 5 1 2 3 2 3 4 4 1 2 0 1 5 1 2 1 4 3 
515 3 4 5 0 2 4 1 5 2 2 5 0 5 2 7 1 2 3 1 3 2 3 1 8 5 
516 4 6 3 2 5 7 7 2 3 4 1 4 5 8 1 9 1 2 3 4 5 2 2 2 3 
517 2 3 4 2 6 1 5 5 4 4 2 2 2 6 2 5 2 5 2 5 7 6 3 4 3 
518 1 5 2 2 1 5 1 1 4 4 3 7 7 3 5 2 4 2 2 10 4 2 4 5 4 
519 3 2 4 0 4 4 3 0 2 4 3 2 5 5 3 5 4 1 3 4 3 5 3 5 8 
520 4 3 2 2 1 4 2 6 4 4 4 7 2 2 3 2 7 2 2 4 4 2 5 4 3 
521 5 10 1 2 7 1 6 4 4 3 3 4 3 8 5 3 3 5 4 3 3 6 4 4 2 
522 3 6 2 7 5 6 4 3 3 2 2 4 1 4 1 3 5 5 3 4 3 6 2 5 3 
523 6 11 5 4 3 2 3 3 5 3 4 7 3 3 4 3 2 2 4 6 3 5 3 4 3 
524 4 4 9 4 8 2 5 1 2 4 4 3 6 3 4 6 3 2 1 3 4 2 2 1 3 
525 2 3 3 1 5 7 2 6 4 4 3 4 3 1 5 2 2 2 5 7 6 6 6 3 5 
526 2 1 5 4 7 3 7 4 7 5 4 1 2 1 3 5 4 7 1 5 4 2 3 3 1 
527 9 5 7 3 3 5 5 2 3 6 5 3 3 4 5 3 3 3 4 5 12 4 0 4 5 
528 4 0 3 5 3 3 4 3 1 4 0 3 2 4 0 5 4 3 1 2 3 4 4 6 3 
529 3 3 3 5 2 4 3 4 1 3 3 5 6 1 2 3 4 6 4 1 3 3 6 4 3 
530 4 2 4 4 2 1 3 3 1 2 2 0 1 1 6 7 3 2 1 1 4 7 3 1 4 
531 7 3 2 2 5 2 4 2 2 3 6 3 3 4 6 2 3 4 3 6 3 2 7 2 4 
532 3 2 2 3 8 3 3 2 3 1 2 7 6 2 6 5 2 4 3 1 1 3 7 2 5 
533 5 5 5 1 3 6 4 4 3 4 8 5 3 3 5 2 3 3 1 0 0 2 4 7 3 
534 3 3 4 5 6 8 4 5 0 4 4 5 3 5 5 6 0 2 4 6 4 2 4 1 2 
535 3 6 3 1 2 3 2 4 0 3 1 2 4 2 0 5 2 6 5 2 4 2 6 6 6 
536 2 7 3 2 4 0 5 2 1 2 1 5 4 3 2 4 4 4 6 1 1 0 7 4 5 
537 2 4 4 2 2 6 2 2 4 3 6 3 1 1 5 2 3 3 1 1 0 6 2 3 1 
538 5 5 1 3 2 1 1 3 4 2 4 1 1 4 4 6 4 6 4 1 3 5 3 1 4 
539 2 4 3 4 3 1 2 2 3 3 0 2 4 4 5 2 1 0 5 4 2 1 2 4 2 
540 3 3 3 0 2 6 3 0 3 2 3 2 1 4 2 3 2 4 4 5 5 2 7 4 3 
541 2 1 0 4 2 6 4 4 1 2 3 3 1 5 3 2 0 3 5 5 6 4 3 1 5 
542 6 3 5 1 4 2 4 6 7 3 4 3 3 4 3 4 3 2 9 2 1 5 3 2 4 
543 2 3 3 3 2 1 4 4 2 3 5 1 6 4 2 2 2 4 2 3 2 5 6 3 6 
544 3 3 7 4 3 5 1 3 3 4 5 3 7 0 1 3 2 2 3 5 2 1 5 3 4 
545 2 1 5 1 4 4 2 0 4 7 5 4 3 4 2 4 2 3 5 6 2 2 2 3 2 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
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counts 
(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
546 2 4 5 2 2 6 2 2 5 6 1 1 3 2 3 1 4 6 2 2 1 4 2 3 3 
547 2 6 5 6 5 5 0 4 2 3 1 6 1 3 4 11 0 3 1 7 3 1 4 3 3 
548 4 0 1 3 6 1 2 6 1 5 3 1 3 2 4 4 5 4 5 3 1 0 3 3 2 
549 6 2 6 1 1 1 2 4 3 6 3 1 3 0 3 1 6 5 1 3 3 2 2 6 3 
550 4 3 4 5 4 4 4 4 7 7 3 6 0 3 4 1 7 2 2 5 2 2 3 4 9 
551 6 0 6 4 3 1 4 1 3 0 1 4 1 2 1 4 4 3 7 6 5 4 6 8 3 
552 4 0 2 5 7 1 4 2 0 6 1 1 3 3 2 1 3 4 4 6 2 2 4 5 6 
553 3 3 4 3 2 3 0 2 3 1 3 5 5 1 4 3 2 2 4 3 6 3 4 6 5 
554 0 5 3 4 4 2 5 2 1 8 2 5 4 3 0 3 3 4 2 1 3 6 1 4 4 
555 1 5 1 6 1 7 0 8 3 5 6 6 6 1 7 5 2 3 6 5 1 7 2 4 3 
556 3 1 3 4 3 2 3 3 7 2 3 1 3 4 2 4 1 5 1 1 6 1 4 1 4 
557 7 6 5 2 1 4 3 1 4 4 1 4 5 3 11 4 4 1 3 3 2 5 1 1 4 
558 6 5 4 3 6 2 3 4 5 3 3 3 2 2 4 3 6 2 2 4 3 3 3 2 2 
559 1 4 2 3 3 4 4 0 3 4 4 3 3 6 3 1 5 2 3 3 3 4 4 3 3 
560 6 2 6 5 3 1 2 5 4 3 3 6 1 4 0 3 4 3 2 4 2 2 6 2 2 
561 1 3 4 5 1 2 0 3 3 5 1 3 3 4 4 4 5 3 3 2 2 5 1 3 3 
562 4 3 3 3 5 3 7 3 5 8 2 6 6 2 5 4 4 4 2 2 4 5 4 4 2 
563 3 1 2 2 5 3 5 4 2 2 2 1 3 1 5 2 6 8 5 3 3 1 2 7 3 
564 1 7 3 5 3 3 3 2 5 2 1 2 4 2 6 6 4 5 3 3 2 3 3 3 5 
565 5 4 3 4 1 4 2 2 0 2 2 7 0 7 4 3 1 2 4 2 5 2 2 2 5 
566 5 4 2 5 6 1 1 3 1 1 4 3 3 1 2 3 1 1 4 1 2 4 1 4 2 
567 3 4 0 3 3 4 3 3 4 2 3 5 6 4 3 2 2 4 2 3 2 4 0 4 3 
568 4 2 0 2 3 3 4 10 1 3 4 1 1 5 6 6 5 3 6 1 3 3 5 1 3 
569 2 3 5 2 3 2 1 2 3 2 5 1 1 5 2 5 2 3 2 4 2 5 1 6 1 
570 4 2 5 3 4 3 1 5 2 3 6 4 2 5 3 5 5 6 2 2 1 6 6 4 5 
571 1 2 3 5 4 2 3 2 4 5 2 2 5 4 4 8 1 2 5 2 5 5 4 2 4 
572 1 1 1 4 3 6 3 5 5 4 7 2 5 3 4 1 4 1 2 0 2 4 4 4 2 
573 3 1 4 3 2 4 2 1 5 1 3 4 8 2 1 3 6 2 4 2 3 2 2 2 7 
574 5 3 0 2 5 3 6 4 2 1 4 2 1 3 4 0 6 4 2 1 1 2 2 3 2 
575 3 2 2 4 4 4 3 4 4 5 3 6 5 6 4 4 0 1 2 3 2 4 4 4 2 
576 1 2 0 3 4 4 1 4 3 2 7 4 2 7 1 5 7 3 7 3 5 3 1 3 4 
577 6 1 5 3 1 4 7 3 2 5 2 5 1 5 2 2 3 5 1 5 2 4 1 5 4 
578 1 7 2 1 1 4 5 4 2 1 2 8 3 3 1 8 2 4 2 0 1 1 1 7 3 
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Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
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579 6 4 2 2 3 4 1 2 2 2 3 3 0 1 2 7 1 1 7 5 5 3 4 2 2 
580 1 4 5 3 6 3 2 0 3 2 0 4 2 1 3 5 1 4 1 6 4 1 3 4 1 
581 2 1 1 4 3 3 2 2 2 5 4 1 3 1 8 4 1 5 4 1 4 2 5 2 5 
582 2 1 0 1 5 3 5 6 7 3 5 1 3 2 7 1 4 6 0 3 5 1 1 2 2 
583 1 6 2 0 1 4 2 5 4 6 4 7 7 8 2 3 1 1 3 3 1 2 2 3 3 
584 1 4 4 8 3 2 6 4 4 0 1 5 4 1 1 2 1 4 1 5 2 6 1 2 5 
585 2 0 1 1 7 2 2 0 0 2 6 6 2 1 0 1 5 2 3 3 5 1 1 4 4 
586 3 2 4 1 2 1 3 6 3 1 5 1 3 5 0 6 3 4 3 6 1 4 1 7 6 
587 2 7 2 2 3 3 2 3 2 0 2 1 7 4 0 3 4 3 9 3 3 3 5 2 2 
588 5 1 2 2 2 3 2 3 2 0 2 2 2 0 3 1 1 6 8 2 2 5 6 3 5 
589 2 2 2 7 0 0 2 3 2 7 2 6 1 4 1 6 3 4 1 3 2 4 2 5 5 
590 7 5 2 1 2 2 2 1 6 5 2 1 4 3 5 2 2 3 2 4 1 2 3 3 4 
591 4 5 2 1 2 3 3 2 5 2 2 4 2 5 2 4 3 2 3 3 2 3 4 4 5 
592 7 3 2 3 2 4 2 3 1 4 2 3 3 1 0 0 3 1 3 1 2 1 5 3 8 
593 3 3 2 4 2 2 4 7 2 9 6 3 3 2 3 5 3 3 3 5 4 5 1 7 3 
594 4 0 5 2 2 5 2 2 2 4 2 1 3 6 1 3 2 4 2 2 0 3 0 4 7 
595 3 5 2 2 2 3 2 4 3 3 2 2 5 6 5 2 7 2 5 2 2 7 0 2 2 
596 3 7 3 2 4 5 4 2 2 4 4 5 6 6 3 2 2 1 4 6 3 1 2 3 6 
597 5 4 4 3 0 5 6 3 2 5 5 0 1 8 1 7 3 2 3 3 2 2 4 1 5 
598 1 3 2 2 3 1 1 2 1 4 3 2 4 0 7 3 3 3 5 1 3 1 9 6 4 
599 2 2 2 0 3 0 0 3 3 2 7 4 3 2 0 2 4 3 3 8 4 0 6 5 4 
600 6 4 3 3 3 0 4 7 5 4 4 3 2 5 3 5 2 4 2 1 5 2 1 2 7 
601 2 3 2 3 4 4 1 3 3 4 2 4 4 4 2 6 1 2 1 3 4 4 2 3 3 
602 1 4 1 3 3 5 3 3 2 4 2 5 2 3 2 4 4 3 3 4 3 2 1 2 2 
603 3 4 5 3 2 5 5 4 1 5 1 3 1 5 5 7 4 5 1 4 1 6 7 4 2 
604 5 2 4 3 4 5 2 7 2 3 1 3 2 2 3 0 0 4 0 1 1 4 1 0 5 
605 6 4 0 1 4 3 2 3 4 3 2 1 1 2 4 1 0 5 4 2 5 2 2 1 5 
606 3 1 1 3 5 3 2 4 2 3 2 6 4 1 5 0 0 4 3 2 2 6 1 5 0 
607 6 9 2 4 2 3 3 2 3 6 8 4 3 2 2 5 4 2 1 2 1 4 1 5 0 
608 1 4 1 5 2 0 1 3 5 2 2 2 2 2 2 2 0 4 3 0 4 3 3 3 6 
609 4 3 2 2 5 3 2 5 1 4 3 1 1 2 2 5 5 4 3 2 4 2 0 7 0 
610 0 1 2 2 3 2 2 1 4 4 0 0 3 3 2 4 5 3 2 4 1 2 4 3 2 
611 1 2 4 2 1 0 5 4 4 1 4 3 4 1 2 2 1 3 0 1 3 2 1 3 4 
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612 2 2 2 3 3 3 2 1 1 3 1 3 2 6 6 4 3 2 1 5 3 4 3 0 1 
613 2 2 1 6 3 1 5 2 1 1 5 2 1 1 2 3 4 5 1 0 3 2 5 1 2 
614 5 7 1 2 3 5 2 3 4 4 4 3 2 4 1 5 2 3 2 1 6 1 3 2 3 
615 3 2 5 3 1 2 2 0 3 4 3 3 4 3 3 0 4 3 4 6 0 5 2 2 3 
616 2 3 3 3 0 2 2 5 2 3 5 2 0 1 2 3 4 1 2 0 3 2 3 4 5 
617 3 4 3 5 4 4 1 3 2 5 6 3 3 1 2 2 1 3 1 5 1 2 3 3 3 
618 1 4 5 3 2 2 3 3 1 1 3 2 1 1 3 2 2 5 8 3 2 2 3 4 0 
619 2 3 3 4 1 2 4 2 4 4 2 2 2 2 5 2 5 0 4 3 3 2 2 1 4 
620 0 1 3 1 1 0 3 3 4 5 4 4 4 3 9 3 1 3 3 3 1 3 1 3 1 
621 2 1 1 4 2 1 1 1 3 1 6 2 1 0 4 0 2 2 2 2 2 3 4 6 4 
622 2 2 4 3 2 2 3 2 2 3 2 1 0 4 4 3 2 7 4 3 3 2 3 3 1 
623 0 3 2 2 2 2 1 1 1 2 3 5 1 2 6 2 1 3 3 5 4 4 4 3 2 
624 2 4 3 5 1 4 1 4 3 3 4 0 4 7 3 6 2 3 2 3 3 2 2 3 3 
625 3 1 2 2 1 6 3 3 4 4 4 1 1 1 5 3 1 3 2 0 2 4 1 3 1 
626 2 2 5 1 1 3 1 3 2 1 1 4 1 5 0 1 3 3 1 3 2 5 3 1 3 
627 4 1 2 1 4 4 3 5 1 1 1 2 3 3 3 4 3 1 0 3 3 1 2 2 2 
628 4 1 3 3 3 5 3 2 4 2 3 2 5 5 1 4 5 1 1 1 3 2 3 2 3 
629 0 3 1 2 3 3 3 5 0 3 2 2 4 2 6 4 2 4 2 3 1 4 3 4 4 
630 3 2 1 4 1 3 4 2 0 3 2 1 3 4 3 5 2 3 4 3 1 3 0 2 0 
631 1 4 1 3 2 4 4 2 1 6 4 3 2 2 0 3 2 1 4 3 1 1 2 4 3 
632 2 2 5 2 3 1 2 4 3 5 2 4 3 1 2 1 2 1 1 6 1 4 0 2 3 
633 4 2 1 0 3 4 0 1 1 2 2 4 4 3 1 4 3 3 6 2 3 2 3 3 1 
634 3 2 5 3 1 0 2 3 2 4 2 2 1 0 3 3 4 3 0 4 4 3 2 4 0 
635 1 4 4 3 3 4 3 4 2 3 7 3 4 3 0 1 4 1 3 2 1 1 6 7 4 
636 2 5 5 5 3 1 2 5 6 3 4 4 4 5 1 5 7 2 3 0 2 1 0 2 0 
637 4 3 1 0 5 1 3 0 3 3 2 1 1 5 2 1 6 5 3 0 6 1 3 3 1 
638 2 2 2 3 1 3 5 1 1 1 0 1 5 2 1 2 5 1 5 3 3 2 3 3 2 
639 1 4 1 5 0 6 3 1 7 2 5 0 1 2 4 0 4 0 4 2 2 4 2 3 3 
640 1 3 2 4 2 2 5 4 4 4 4 3 3 3 2 1 1 2 1 1 0 2 2 4 0 
641 4 5 2 3 2 2 5 0 3 2 1 1 5 0 2 3 2 0 1 2 3 0 3 4 0 
642 4 2 4 2 1 3 1 3 1 5 2 3 1 1 2 2 2 4 6 4 2 2 6 6 4 
643 0 5 2 5 4 4 2 4 2 4 4 3 0 2 5 3 3 0 1 3 0 1 2 2 4 
644 3 3 6 2 3 3 2 2 2 0 3 2 2 3 3 2 2 2 4 4 4 0 3 2 6 
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645 5 2 3 3 0 6 0 4 1 2 1 4 2 5 5 0 3 6 4 3 6 3 3 2 5 
646 3 3 4 3 2 2 2 4 2 5 5 2 3 3 2 1 3 3 3 3 2 3 2 1 2 
647 2 4 3 2 4 1 2 4 2 5 1 6 2 2 1 3 3 4 2 4 2 4 1 1 2 
648 1 3 3 5 2 1 5 1 3 2 4 2 1 3 1 2 0 4 1 1 3 0 1 0 3 
649 1 3 3 1 1 2 3 2 2 3 5 3 2 1 1 3 1 5 6 4 2 2 4 4 1 
650 2 3 5 2 1 4 2 1 4 1 3 3 1 1 3 4 1 2 1 6 3 2 3 1 3 
651 4 0 3 1 3 2 4 1 2 4 1 4 5 1 1 2 4 2 0 2 1 2 2 3 0 
652 3 4 2 5 1 1 5 0 4 3 3 2 3 1 1 4 3 2 7 2 2 1 2 5 4 
653 3 2 1 2 3 3 3 2 0 4 6 0 2 3 3 2 2 5 3 0 2 3 1 6 3 
654 1 1 2 2 2 2 2 3 3 5 0 2 2 3 4 2 2 1 3 3 2 4 3 2 3 
655 8 3 1 4 1 1 1 5 2 2 3 4 9 3 4 3 2 2 3 3 4 3 2 3 4 
656 6 4 3 3 5 1 2 2 1 2 6 1 2 5 1 7 3 5 1 2 3 2 4 3 2 
657 2 3 3 1 2 4 6 4 2 3 5 1 4 4 2 3 3 2 1 3 1 1 3 0 1 
658 1 3 4 2 4 0 1 3 2 2 3 0 1 4 2 1 4 0 3 1 0 1 1 2 2 
659 0 2 1 2 1 1 3 2 0 2 1 1 3 0 3 3 3 4 2 3 5 3 5 1 1 
660 3 1 2 1 1 4 3 0 1 3 1 3 4 4 2 2 1 5 0 1 3 3 2 5 2 
661 4 1 3 1 2 4 1 2 1 1 2 1 5 4 1 6 2 1 3 4 0 0 6 0 1 
662 2 4 4 0 3 3 2 4 4 2 2 4 0 3 7 2 2 2 3 2 2 3 3 2 1 
663 2 4 6 2 2 2 3 5 2 2 6 4 2 2 1 1 3 3 2 0 7 1 0 6 1 
664 2 2 1 3 1 2 1 2 4 3 1 4 1 4 2 1 3 2 1 1 1 1 1 7 2 
665 4 2 2 2 3 4 1 1 2 2 3 4 5 1 2 3 4 0 6 1 6 2 0 0 5 
666 2 2 1 1 0 2 2 5 2 3 2 1 5 1 4 0 4 4 5 0 1 2 0 1 3 
667 2 3 4 3 5 2 5 2 3 0 1 5 2 4 4 5 3 2 1 0 5 2 2 0 1 
668 1 2 3 3 0 4 2 2 2 1 2 6 1 4 1 1 3 4 1 4 1 5 3 5 1 
669 3 3 0 2 3 4 2 3 1 1 4 3 3 1 0 2 1 4 2 2 3 2 0 4 2 
670 2 0 1 6 3 3 3 3 4 1 2 2 2 2 4 3 3 2 1 1 2 4 2 3 0 
671 3 2 0 0 5 2 1 4 6 5 1 2 4 1 1 0 0 3 1 5 2 2 2 6 2 
672 4 2 3 2 4 5 3 5 2 5 1 3 2 1 0 4 5 1 2 0 2 2 0 3 3 
673 3 2 3 0 2 1 2 6 2 3 5 0 3 1 1 1 2 3 1 1 1 5 2 2 1 
674 2 2 4 0 3 2 2 0 3 2 2 3 2 4 2 2 5 4 4 6 1 3 3 2 4 
675 1 3 1 4 3 1 2 1 3 3 0 2 1 6 3 3 2 2 0 3 5 1 2 3 5 
676 3 1 1 0 3 4 1 1 2 2 1 1 1 4 2 3 3 1 3 6 1 2 4 2 2 
677 2 1 1 1 3 1 3 4 5 3 0 3 1 2 1 2 2 2 0 1 1 5 0 2 1 
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678 2 3 1 1 2 2 3 6 5 6 1 4 4 3 2 3 4 4 0 1 0 0 2 3 2 
679 3 2 2 2 2 3 3 1 4 2 2 2 2 3 4 3 4 1 4 1 3 1 2 2 4 
680 2 3 2 2 0 3 3 3 3 2 3 2 3 4 0 2 2 3 2 2 4 3 4 3 2 
681 1 2 2 0 1 2 1 1 3 3 2 1 0 3 3 2 4 3 0 3 3 5 1 0 1 
682 0 3 2 2 1 2 5 1 3 3 4 0 4 3 3 3 4 2 3 1 2 4 2 3 2 
683 4 3 3 3 5 2 1 3 2 4 5 3 5 1 4 6 3 1 4 2 3 3 3 4 1 
684 2 1 1 2 0 2 3 0 3 12 3 1 1 1 2 3 3 2 1 2 0 1 1 1 4 
685 2 2 1 5 6 2 2 1 0 4 2 0 3 2 2 2 5 4 0 0 3 3 1 1 1 
686 0 3 2 3 1 1 0 0 1 3 3 2 4 0 2 3 3 0 3 4 2 0 1 6 2 
687 2 3 0 2 5 2 2 1 2 5 3 2 1 0 3 2 3 0 3 1 1 3 2 1 1 
688 2 1 1 1 2 0 3 3 3 3 2 5 4 6 3 3 0 1 3 5 2 0 3 2 3 
689 2 0 1 2 4 3 2 3 4 3 5 1 1 2 3 1 2 2 3 1 4 2 0 3 2 
690 1 3 2 2 2 1 3 2 2 3 2 0 0 2 3 3 1 2 2 1 1 1 2 1 2 
691 6 1 2 2 2 2 1 1 5 3 2 0 1 3 1 2 3 6 2 3 4 3 0 1 4 
692 2 3 7 3 6 2 4 1 2 4 3 3 0 2 2 2 0 1 4 2 4 4 4 2 2 
693 0 3 2 2 0 2 4 1 6 2 3 1 2 2 3 1 0 0 2 1 3 1 2 1 3 
694 4 0 4 1 3 3 2 1 1 0 2 2 0 1 2 3 4 1 2 2 0 3 1 2 1 
695 0 1 1 0 3 0 0 3 0 1 0 2 3 4 3 1 3 1 1 1 1 3 0 2 1 
696 2 3 0 3 1 1 5 4 1 3 1 1 2 1 2 1 5 1 1 0 1 7 2 2 0 
697 4 2 2 5 3 2 1 0 4 2 4 2 1 2 0 1 4 1 1 2 2 0 1 3 6 
698 1 3 0 1 5 4 1 0 2 3 1 0 2 1 0 2 2 4 2 1 4 1 2 0 0 
699 3 3 2 0 4 4 1 2 3 3 4 4 4 0 2 1 1 1 6 3 2 2 1 4 4 
700 2 2 0 0 2 3 2 1 2 3 2 0 3 1 0 2 0 1 3 3 2 4 1 5 1 
701 2 1 5 2 2 5 1 2 1 3 2 1 4 3 1 2 3 3 1 4 4 4 3 4 6 
702 2 1 2 0 2 3 3 2 3 2 1 2 2 1 1 3 3 1 3 1 1 3 0 0 5 
703 3 2 2 2 1 3 0 3 0 1 2 2 1 2 3 1 2 0 1 2 1 3 2 1 0 
704 2 2 3 3 0 2 1 2 1 1 0 1 3 0 2 2 0 3 0 1 1 0 1 1 1 
705 2 3 2 2 0 5 1 5 2 3 2 0 2 3 2 2 0 2 2 2 3 2 6 4 1 
706 2 2 7 1 2 3 3 3 1 1 0 1 0 2 1 4 1 0 4 3 2 1 0 4 1 
707 0 2 2 2 0 3 1 3 1 2 2 3 1 1 2 1 3 1 2 1 1 0 3 2 0 
708 2 2 0 2 2 0 1 3 0 4 3 1 1 1 1 2 3 5 4 3 2 1 1 3 1 
709 1 0 0 3 1 3 2 1 2 1 2 1 0 1 1 1 1 3 1 4 4 1 3 0 0 
710 0 0 1 1 1 2 4 2 3 0 0 6 1 0 0 3 2 1 1 2 3 3 2 1 2 
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711 1 1 2 0 2 1 2 2 2 5 3 1 1 4 0 1 3 2 2 3 2 4 0 3 5 
712 1 1 3 3 2 1 1 3 3 1 3 1 1 0 2 3 1 1 3 0 8 0 1 4 2 
713 1 0 4 3 1 1 2 2 3 2 3 0 3 1 1 2 1 2 2 3 3 3 1 2 4 
714 1 2 2 3 3 1 3 4 0 1 5 2 4 1 0 2 1 2 2 0 3 3 3 3 1 
715 1 3 2 2 0 3 1 3 0 1 2 2 1 3 1 2 3 0 2 2 4 2 1 2 1 
716 0 2 2 1 1 3 2 2 0 3 5 1 2 2 3 1 1 0 2 5 1 4 3 2 3 
717 5 2 0 1 2 2 1 1 0 1 1 2 1 0 3 1 3 2 2 2 4 1 1 5 1 
718 0 1 1 2 4 1 2 0 1 3 2 1 1 3 4 0 1 0 3 2 1 2 3 1 1 
719 0 3 2 1 3 3 2 2 0 1 3 1 2 1 1 0 1 3 1 2 2 3 3 0 1 
720 1 5 2 1 2 0 1 1 5 2 2 0 1 1 1 3 4 0 3 3 4 5 4 1 0 
721 1 4 0 3 0 2 1 2 2 2 3 2 1 3 2 0 2 1 5 2 1 2 1 2 0 
722 1 1 0 2 1 2 1 2 1 1 1 1 2 2 1 3 1 1 4 0 1 2 1 3 4 
723 3 1 3 1 3 1 4 1 0 3 4 3 3 0 4 1 5 3 0 4 2 0 3 1 1 
724 1 3 3 1 3 3 2 4 1 1 1 0 2 0 1 1 2 0 4 0 0 0 3 0 1 
725 4 3 3 2 1 4 2 2 3 2 0 1 6 3 1 0 0 3 1 2 1 4 0 4 2 
726 2 4 2 0 2 2 2 2 3 0 2 1 1 1 2 4 5 0 2 3 4 0 2 0 2 
727 1 4 2 2 4 2 1 4 2 2 2 2 1 3 2 2 2 1 5 0 4 2 6 1 5 
728 4 2 1 2 2 0 1 2 0 0 0 4 0 1 2 1 1 1 1 1 1 1 4 2 2 
729 3 2 1 1 3 1 2 2 2 0 2 2 3 3 3 2 2 6 2 1 1 0 3 4 2 
730 4 4 2 3 0 4 0 1 1 1 2 4 2 3 2 2 2 1 2 3 3 1 2 0 5 
731 2 5 2 1 3 0 2 3 1 1 2 2 2 2 2 3 2 2 1 2 1 3 3 1 2 
732 1 3 2 2 4 1 1 2 2 0 1 1 2 0 0 3 2 4 2 2 1 0 3 6 1 
733 1 2 1 3 3 2 1 2 1 2 2 1 2 2 2 1 3 1 3 1 1 2 1 1 0 
734 1 3 5 0 1 4 4 1 3 3 2 3 1 4 1 0 2 2 1 0 4 1 1 4 3 
735 1 2 2 2 2 6 0 3 2 3 3 4 1 1 1 4 0 2 2 2 1 3 3 3 3 
736 1 2 1 1 2 3 1 0 3 2 1 3 4 2 1 1 4 1 3 1 2 5 5 0 0 
737 4 2 1 5 3 4 1 4 2 6 0 3 0 4 0 2 3 1 2 3 3 3 3 3 0 
738 1 0 0 2 3 0 2 2 0 4 3 0 2 4 3 2 2 1 2 4 1 4 2 0 1 
739 2 1 1 1 3 4 0 2 1 2 7 0 2 1 4 4 0 1 0 2 0 1 2 0 1 
740 3 1 2 1 0 0 2 1 3 1 0 2 1 2 4 1 1 0 1 2 2 1 1 0 0 
741 3 1 3 0 0 2 1 3 4 2 0 0 1 1 4 0 1 2 2 1 4 2 2 0 2 
742 2 2 4 3 2 1 1 3 0 0 1 2 1 2 4 2 3 1 0 2 3 2 2 1 2 
743 1 1 1 4 1 3 4 0 1 3 1 1 2 1 2 3 1 6 1 0 1 2 2 2 1 
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744 3 2 2 2 3 2 2 3 2 0 2 2 1 1 0 1 0 4 3 0 2 2 1 2 3 
745 0 3 2 3 2 7 2 0 4 1 5 2 1 3 1 2 3 2 1 2 1 2 3 1 4 
746 2 2 2 0 2 3 2 2 2 0 1 1 3 3 3 2 2 3 4 3 1 1 1 3 1 
747 3 3 3 1 5 4 3 1 0 2 1 2 1 1 1 2 3 3 1 3 1 3 1 0 1 
748 2 1 0 2 1 2 2 6 2 2 3 1 2 2 1 3 0 0 4 0 3 3 3 1 4 
749 4 2 2 2 0 0 5 1 1 1 1 1 4 1 5 3 1 1 1 0 0 1 3 0 1 
750 0 0 2 3 2 4 1 0 1 1 1 0 3 1 0 1 2 2 1 2 2 1 2 1 3 
751 2 3 2 1 0 1 4 1 3 0 0 4 1 1 2 2 0 1 1 0 4 0 1 1 3 
752 4 3 2 3 0 3 0 2 2 0 2 2 2 3 1 3 1 3 1 2 4 0 4 0 1 
753 6 1 1 3 2 1 1 1 1 5 3 2 1 3 1 1 2 1 0 1 1 2 4 3 1 
754 1 0 0 3 3 3 1 0 2 2 1 2 3 1 1 2 0 1 4 1 3 3 2 3 2 
755 1 2 0 2 2 5 3 0 3 2 6 3 3 1 0 3 3 1 1 2 2 3 2 0 6 
756 3 2 4 3 2 1 1 1 1 2 0 3 3 1 1 2 3 3 4 2 1 1 5 0 2 
757 3 1 1 1 0 3 4 3 1 0 2 3 2 3 1 2 1 1 0 3 4 2 0 0 1 
758 4 1 3 2 1 1 1 1 1 1 1 1 3 4 3 3 0 1 0 1 4 2 5 1 1 
759 3 3 3 3 2 0 2 1 0 0 1 2 3 1 1 2 1 4 2 4 3 2 1 4 1 
760 0 2 2 2 1 3 2 2 1 2 5 3 0 3 2 2 1 2 2 3 3 2 3 2 0 
761 2 2 1 0 0 2 3 2 0 0 5 2 1 3 1 0 2 4 0 4 2 1 2 3 1 
762 2 1 1 3 1 6 1 4 7 3 4 3 2 1 3 2 3 4 5 0 2 2 2 3 4 
763 2 1 2 2 3 1 4 1 1 2 1 2 2 0 2 2 1 0 2 2 1 1 0 4 5 
764 3 1 1 4 0 1 3 1 3 0 2 3 5 3 0 0 2 1 3 7 2 3 1 4 2 
765 3 2 3 2 1 1 2 1 2 2 1 6 2 6 2 2 3 2 2 4 4 7 0 3 2 
766 2 2 4 2 0 0 3 2 5 2 1 1 1 2 3 1 0 0 4 2 2 3 1 3 1 
767 2 2 1 2 1 0 1 4 3 1 2 0 0 1 1 1 2 2 1 3 4 2 1 0 1 
768 3 1 4 3 1 0 3 4 3 2 3 1 6 0 2 4 1 0 1 5 4 0 2 0 4 
769 2 0 2 0 7 3 2 0 4 1 3 2 2 1 1 4 1 4 1 0 1 2 3 0 5 
770 0 1 2 2 1 0 0 1 4 4 2 4 0 3 3 2 1 1 8 1 2 5 3 3 1 
771 1 6 2 2 1 5 3 0 2 1 4 1 2 1 1 0 2 0 3 3 0 0 1 0 0 
772 5 2 1 4 0 7 1 3 2 3 5 3 3 2 2 1 0 0 3 1 2 7 3 2 4 
773 3 2 0 1 0 1 4 2 4 2 2 1 1 4 3 2 3 4 2 5 1 5 2 2 1 
774 0 1 3 2 2 1 2 4 0 0 4 3 1 3 3 2 0 3 2 3 4 2 2 3 0 
775 3 1 0 4 0 3 2 2 3 2 3 1 3 2 1 3 2 1 3 1 4 8 2 2 0 
776 4 3 4 3 1 3 2 3 0 6 4 2 2 1 3 1 1 2 1 1 3 3 1 4 1 
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777 0 1 2 0 6 3 5 3 4 1 2 1 2 1 0 3 3 1 2 3 1 4 4 2 4 
778 2 4 1 1 3 2 5 3 2 0 1 1 5 0 1 0 1 1 2 2 5 4 2 1 3 
779 3 3 3 1 4 3 1 1 1 1 3 1 2 0 1 3 1 4 4 1 1 2 1 2 1 
780 5 0 3 3 0 2 0 3 2 1 2 4 1 2 2 3 3 2 2 1 4 1 2 3 3 
781 3 1 5 1 5 1 2 5 3 0 1 2 2 1 3 4 2 4 4 1 1 0 2 4 2 
782 1 2 3 2 0 1 1 5 3 5 1 3 0 1 1 2 0 2 1 0 2 2 3 3 2 
783 1 4 2 2 3 4 0 4 3 0 2 0 2 2 1 4 3 2 3 2 2 3 2 2 5 
784 2 0 3 1 3 4 1 3 2 3 3 0 1 0 0 1 3 0 4 2 6 2 3 2 3 
785 0 3 0 2 2 2 1 1 1 1 3 3 2 1 4 0 3 1 1 2 1 3 2 6 2 
786 2 1 2 3 2 0 2 1 3 1 3 3 3 1 1 1 2 4 3 2 7 0 3 0 4 
787 2 1 2 4 3 0 1 1 4 2 5 1 2 3 1 2 2 1 3 3 1 3 2 2 0 
788 0 1 3 1 4 3 2 8 3 3 5 3 3 5 7 1 1 3 3 2 1 5 2 0 2 
789 1 0 4 5 2 2 3 6 1 2 2 1 1 4 0 0 2 5 2 3 3 2 3 3 1 
790 3 5 4 2 2 1 2 1 4 1 4 1 3 4 1 4 2 3 3 3 0 1 2 1 2 
791 5 3 3 3 0 1 1 3 2 0 5 0 3 0 1 3 2 3 3 3 4 1 1 2 2 
792 2 3 1 1 2 2 1 1 4 3 1 1 0 3 1 2 4 7 3 3 1 3 2 0 1 
793 0 2 1 3 3 3 2 0 1 6 2 1 6 2 0 2 0 5 2 3 4 1 0 4 2 
794 3 2 2 6 0 2 1 1 1 6 5 7 2 2 4 2 0 5 4 2 6 4 4 2 2 
795 4 2 4 2 3 2 1 7 3 4 2 0 1 4 1 3 3 2 5 3 3 0 1 2 2 
796 2 3 3 1 1 5 3 2 3 3 0 0 3 3 2 4 3 5 3 2 1 8 1 1 2 
797 4 0 4 1 3 1 2 2 3 3 3 2 2 1 5 1 2 2 2 2 2 2 3 4 2 
798 3 1 3 2 1 3 3 2 3 3 0 1 1 3 3 1 1 3 2 2 1 6 1 4 1 
799 2 2 2 2 2 3 0 3 3 4 3 2 4 0 1 3 6 2 2 2 0 1 2 2 2 
800 3 2 1 0 4 0 3 2 0 1 6 1 2 0 2 3 2 4 2 4 5 3 0 1 3 
801 4 0 2 1 3 0 3 0 3 5 0 1 0 3 4 4 2 3 3 2 2 2 4 4 5 
802 0 1 1 3 1 2 2 2 1 2 4 6 2 5 2 1 2 0 4 1 0 5 3 2 1 
803 3 1 3 2 0 2 0 3 4 2 2 2 0 1 5 3 2 4 4 3 3 1 4 1 0 
804 2 3 1 5 3 3 0 3 1 3 0 8 0 4 5 5 4 2 2 0 2 3 0 0 4 
805 1 2 1 3 4 4 6 0 2 0 1 2 2 1 0 1 1 3 2 1 0 3 2 6 4 
806 1 5 3 3 5 2 2 2 5 3 3 1 3 4 3 1 1 3 2 4 2 3 1 2 0 
807 5 2 7 5 4 1 2 2 0 3 1 3 3 0 4 1 1 0 4 1 3 1 1 1 3 
808 2 3 3 0 2 2 2 2 5 2 1 1 2 3 1 1 2 1 0 0 1 6 1 6 3 
809 4 1 3 5 0 5 4 7 3 2 1 1 4 1 2 4 5 1 4 0 2 6 1 4 0 
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810 2 1 2 1 1 5 3 3 1 1 2 3 1 2 5 4 2 5 2 5 2 2 2 2 1 
811 1 3 2 1 0 2 4 3 1 0 1 3 2 8 3 2 1 2 1 3 3 2 1 1 5 
812 3 3 3 5 6 4 4 3 5 2 3 3 1 0 4 1 3 4 2 3 1 3 0 0 1 
813 3 6 6 2 1 5 2 0 2 1 4 5 2 2 3 2 3 0 0 3 1 4 4 2 3 
814 4 3 4 6 3 2 2 1 2 9 3 4 1 3 1 2 4 5 0 6 3 0 10 4 1 
815 2 4 4 5 6 7 2 2 2 1 4 7 2 4 3 3 2 8 5 2 5 4 8 4 1 
816 8 3 4 3 4 4 4 2 2 3 4 8 8 3 1 6 3 3 3 5 5 3 4 6 1 
817 6 3 1 3 1 5 3 5 1 6 4 2 6 2 4 3 4 9 5 6 6 2 3 2 2 
818 4 3 3 3 5 8 4 3 4 4 4 3 4 5 6 1 3 5 9 7 2 4 7 1 3 
819 7 4 2 5 1 4 7 4 5 5 1 6 3 4 4 3 9 4 6 9 4 3 6 6 1 
820 3 4 4 8 2 4 7 5 3 4 5 7 2 5 1 5 6 2 6 4 2 4 8 4 7 
821 4 2 0 6 1 3 1 8 6 4 8 4 3 3 7 3 4 6 3 9 4 5 8 4 1 
822 4 7 8 4 5 4 7 6 6 2 6 1 5 6 10 5 4 2 2 3 2 6 5 5 7 
823 6 5 7 3 3 5 5 7 6 9 7 4 4 8 6 7 4 6 1 6 9 9 13 6 4 
824 6 5 3 5 1 8 5 5 7 5 5 3 2 2 5 6 6 6 2 5 6 5 4 6 5 
825 8 8 3 5 7 2 5 2 5 4 5 3 5 3 6 6 1 3 3 6 10 6 5 11 6 
826 7 3 5 12 1 9 4 8 4 6 4 3 7 4 5 6 5 7 10 7 4 4 4 8 2 
827 6 5 8 4 7 7 5 7 6 7 10 10 4 3 3 6 4 1 6 6 4 5 6 2 3 
828 6 9 2 8 12 6 7 7 6 7 3 10 6 3 5 6 6 7 2 5 11 6 5 6 7 
829 6 4 8 5 8 3 7 5 6 4 5 10 7 4 6 6 5 5 3 3 4 8 9 4 5 
830 7 2 4 4 3 2 7 11 6 4 10 8 5 7 4 6 8 8 6 7 2 9 4 4 5 
831 6 7 7 1 7 5 8 6 5 5 5 4 5 3 4 7 8 7 9 10 9 8 9 6 1 
832 7 12 7 5 9 6 9 4 12 7 5 2 7 4 7 3 10 12 7 5 4 4 4 2 7 
833 6 7 9 6 5 7 3 3 9 8 3 5 1 3 3 5 7 6 6 5 4 12 7 3 4 
834 5 6 6 7 9 3 4 7 4 10 5 8 6 7 5 3 5 6 8 7 7 7 9 5 5 
835 3 8 8 5 7 8 5 1 5 10 2 7 8 7 3 2 4 8 6 5 7 5 6 2 4 
836 6 8 9 4 6 5 5 6 5 9 2 7 3 8 4 4 6 4 4 3 3 4 5 6 10 
837 5 6 4 6 8 7 6 6 3 7 2 1 4 2 10 4 4 9 5 4 10 5 6 7 7 
838 6 7 3 8 2 8 14 6 5 5 5 6 9 4 3 7 5 10 1 9 3 9 5 3 5 
839 8 8 7 7 2 10 4 9 6 9 2 4 5 3 2 10 3 5 3 4 3 11 8 4 4 
840 9 6 5 6 3 9 5 7 5 4 4 10 3 4 4 7 6 11 5 4 3 6 1 5 5 
841 9 3 11 7 7 2 4 6 6 7 9 2 16 4 3 8 4 6 8 4 3 6 6 7 4 
842 9 6 6 3 4 6 6 5 5 5 6 5 10 7 4 4 5 6 8 10 6 0 3 7 4 
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(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
843 5 3 8 7 6 6 7 9 11 3 5 7 2 4 9 5 3 8 6 7 8 5 4 3 4 
844 2 10 7 3 3 2 4 7 4 5 8 6 6 3 6 5 6 11 5 7 8 2 3 7 4 
845 7 3 9 5 4 3 12 5 5 5 6 7 5 5 4 8 9 8 4 6 2 5 5 6 6 
846 4 3 6 3 8 4 6 5 4 7 9 4 8 2 8 2 4 3 3 6 4 5 5 2 3 
847 4 9 4 4 6 6 6 7 3 5 3 8 6 4 4 6 6 3 8 4 5 1 5 4 5 
848 6 4 5 6 4 6 3 6 5 4 3 6 6 5 5 7 4 3 2 7 3 7 5 6 8 
849 4 7 6 3 4 5 5 4 3 3 5 2 4 1 4 4 6 5 3 4 6 7 4 8 7 
850 7 4 9 8 3 10 4 10 4 6 4 3 2 4 2 10 2 7 4 5 6 8 5 5 4 
851 4 2 3 5 2 8 7 6 3 11 4 7 3 6 5 6 6 8 6 5 4 5 6 4 7 
852 5 8 5 4 8 8 5 7 3 3 2 6 4 5 4 8 5 8 6 2 4 5 5 7 6 
853 5 3 2 4 4 7 6 5 3 4 6 6 7 3 1 9 2 5 7 5 8 5 6 4 5 
854 4 2 6 0 8 3 3 8 3 6 2 4 4 3 7 1 5 5 4 10 11 2 5 4 6 
855 4 2 3 3 1 0 5 4 7 4 4 6 4 4 4 8 4 7 9 6 5 0 2 8 2 
856 11 4 6 5 4 5 3 5 6 3 7 4 4 3 5 3 5 3 4 4 5 2 2 3 5 
857 3 2 4 5 4 4 2 5 10 5 2 5 1 6 4 3 5 6 4 5 4 2 7 6 2 
858 10 1 5 5 7 8 5 4 3 8 3 4 7 1 5 3 1 4 7 7 4 6 3 1 3 
859 7 3 6 3 4 4 5 5 7 5 6 3 2 4 2 4 1 3 8 3 5 6 7 4 3 
860 5 5 6 6 8 5 6 4 9 3 4 5 2 5 5 7 4 5 4 6 4 1 3 2 3 
861 2 2 0 8 4 7 9 5 6 4 5 2 3 5 2 1 1 2 4 3 6 3 6 5 0 
862 4 2 2 11 2 5 5 4 9 1 4 9 2 4 1 6 5 6 2 5 1 4 5 5 2 
863 5 4 2 6 4 6 4 4 3 1 6 8 4 1 6 5 5 0 3 6 4 4 1 5 4 
864 4 8 6 1 2 6 2 2 2 4 1 6 3 4 4 5 0 2 4 2 3 3 4 1 4 
865 5 3 4 5 4 0 1 2 4 2 4 3 2 4 5 2 3 0 3 3 2 4 3 3 5 
866 3 2 4 4 2 4 2 2 8 3 3 3 5 3 2 5 5 7 3 2 4 4 3 4 4 
867 6 6 3 3 7 8 6 2 1 3 5 4 1 3 5 6 9 4 6 3 0 6 3 5 3 
868 5 2 1 7 4 6 3 1 4 2 6 3 0 4 0 2 4 3 2 3 3 4 3 3 2 
869 4 5 6 1 4 4 1 3 4 2 5 1 4 7 3 2 3 4 7 2 4 1 5 2 4 
870 5 3 2 6 5 3 5 2 3 1 4 3 3 4 3 2 4 3 6 3 2 3 3 2 2 
871 3 2 5 4 6 6 1 2 5 3 4 7 3 3 5 2 6 2 3 5 4 6 6 2 6 
872 4 2 5 3 4 4 2 2 4 3 3 5 2 4 3 4 3 4 2 3 0 5 0 4 1 
873 4 5 5 6 4 8 7 7 5 3 3 2 4 4 2 3 2 1 2 5 6 2 4 4 2 
874 2 5 9 6 8 5 3 4 1 0 4 4 3 2 3 5 3 2 2 3 2 5 1 4 5 
875 4 4 2 4 3 2 2 1 2 2 1 1 1 9 3 5 2 3 4 3 4 5 4 3 2 
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876 3 5 3 6 6 6 2 3 5 3 3 3 4 5 3 5 2 6 2 4 4 2 1 5 0 
877 1 4 5 1 6 2 5 3 4 1 4 2 6 3 2 3 5 4 2 5 5 6 5 4 2 
878 4 2 3 3 4 4 2 3 6 2 3 1 2 6 0 5 2 4 3 5 6 4 3 1 4 
879 4 3 5 1 4 1 0 1 2 5 4 5 3 5 3 4 4 4 4 2 6 4 3 5 5 
880 1 2 6 3 3 7 5 2 3 3 7 2 1 1 1 2 3 3 3 2 3 2 3 6 5 
881 4 5 2 2 4 2 1 5 1 3 7 3 1 3 2 3 0 2 3 2 6 3 1 2 2 
882 5 4 2 2 6 1 4 2 3 2 4 3 3 7 3 4 3 3 4 2 4 2 1 3 0 
883 2 1 3 1 1 1 6 0 1 3 5 0 6 3 5 1 2 4 4 2 5 3 4 4 0 
884 5 2 2 4 3 4 3 5 5 2 1 0 4 4 3 2 2 3 2 4 1 0 1 2 2 
885 2 0 3 2 5 3 2 3 3 3 2 3 4 2 1 5 1 6 4 1 5 4 5 3 3 
886 3 3 3 8 3 3 7 1 2 1 3 2 1 4 5 4 4 4 3 2 4 3 5 6 4 
887 4 5 7 2 1 7 2 5 4 0 1 3 5 5 2 0 5 0 4 0 2 2 3 2 4 
888 4 1 4 4 4 3 5 4 3 8 5 4 2 4 4 1 0 2 4 2 3 3 5 3 3 
889 1 2 2 4 2 0 1 3 3 5 2 4 2 2 3 3 1 1 4 1 2 1 2 1 3 
890 3 1 1 2 2 2 2 3 7 4 3 2 6 3 3 3 2 3 2 2 3 2 6 0 3 
891 2 7 4 0 4 4 4 3 2 4 2 3 4 2 1 2 3 3 2 4 5 6 5 2 3 
892 3 5 4 2 2 1 2 4 2 1 3 2 2 3 2 3 4 1 2 1 5 2 2 6 0 
893 2 5 3 2 3 3 3 3 3 5 1 1 2 6 0 3 3 2 2 2 2 1 1 1 3 
894 4 3 4 2 2 3 2 4 1 2 1 6 2 2 1 0 1 3 3 1 4 3 2 3 6 
895 1 3 2 3 1 1 3 3 5 2 7 2 1 4 2 1 4 3 2 6 1 5 2 1 2 
896 3 5 4 2 3 1 2 2 3 5 2 3 8 2 1 3 2 0 3 0 4 4 2 4 3 
897 5 5 3 5 1 3 1 2 3 5 3 3 1 1 1 0 0 4 3 5 2 2 2 1 4 
898 3 4 1 6 2 2 6 2 2 1 3 2 2 0 1 4 3 4 2 2 4 2 3 1 2 
899 3 1 2 3 0 8 7 2 3 2 4 3 3 0 1 4 1 2 1 6 2 3 4 6 2 
900 1 1 3 3 4 1 5 4 4 5 6 3 1 6 3 4 2 0 3 2 2 4 2 0 0 
901 1 2 3 4 2 3 4 3 2 3 9 6 1 4 1 5 8 6 3 0 2 2 0 1 3 
902 1 3 4 3 1 3 2 1 4 1 3 3 5 6 2 3 4 4 4 3 2 3 4 2 1 
903 2 2 2 1 1 4 1 4 0 4 3 3 2 1 2 4 2 3 9 1 1 1 1 2 1 
904 3 4 5 1 2 1 1 0 2 2 1 2 3 2 1 1 1 0 2 2 3 3 3 6 3 
905 0 6 2 4 0 2 1 1 2 3 3 1 1 0 4 3 2 2 4 0 2 2 4 2 2 
906 2 5 1 3 3 5 1 1 4 2 1 1 1 2 2 2 5 5 2 1 1 4 3 0 1 
907 2 1 3 4 1 4 5 4 1 4 2 5 4 6 2 1 4 1 4 1 4 4 6 4 1 
908 2 2 1 2 2 3 2 1 2 2 2 1 5 3 0 3 1 2 4 2 3 4 1 4 5 
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909 1 4 0 3 2 2 3 4 2 3 2 0 3 4 3 2 3 1 0 4 0 2 2 1 5 
910 2 2 0 4 3 0 2 0 2 1 2 4 2 4 4 2 2 2 5 3 1 5 0 1 1 
911 1 7 2 4 3 6 2 1 1 0 2 3 3 1 3 3 1 4 5 1 1 2 3 3 0 
912 2 1 2 1 3 3 3 3 5 5 1 2 1 4 1 3 2 2 1 2 4 3 3 3 2 
913 1 0 3 1 0 1 2 1 3 2 2 2 3 0 2 4 0 1 2 5 4 0 2 3 1 
914 0 5 2 5 4 5 6 0 3 4 4 2 0 0 2 3 5 2 3 1 1 1 0 4 1 
915 4 2 3 3 6 6 0 1 3 3 1 1 0 3 2 4 1 2 1 4 2 2 2 3 1 
916 3 5 4 1 1 2 3 2 2 0 1 0 2 2 2 4 3 2 1 1 2 0 5 1 1 
917 1 3 0 2 0 0 2 1 4 2 2 2 3 1 3 5 2 1 3 2 0 2 3 4 2 
918 0 2 4 2 2 4 3 4 0 2 3 3 3 0 0 3 2 2 3 3 3 1 1 0 2 
919 2 1 3 3 3 4 2 2 3 2 2 1 2 2 4 2 3 2 2 2 4 1 2 3 2 
920 0 3 2 3 1 0 2 1 2 4 2 1 2 3 2 2 3 2 2 4 1 2 1 3 2 
921 0 0 0 3 2 2 1 3 3 4 3 3 2 6 3 3 1 1 3 2 1 2 6 1 2 
922 2 3 3 0 1 3 3 2 3 1 5 0 1 3 1 0 0 3 2 2 1 0 1 2 2 
923 4 0 2 4 1 0 2 3 5 2 1 1 1 0 2 3 3 2 3 0 1 2 3 1 2 
924 3 5 0 1 1 2 2 2 1 2 1 0 1 4 5 2 1 5 3 2 2 1 3 2 3 
925 2 2 0 4 2 2 3 4 2 2 2 2 3 1 0 0 3 1 3 2 3 2 2 3 1 
926 1 0 3 2 3 0 3 4 0 2 1 5 2 5 0 4 3 1 4 1 2 4 2 0 2 
927 3 3 3 1 4 4 3 0 0 4 2 1 1 1 2 2 2 1 4 0 0 3 3 3 4 
928 1 3 2 2 3 3 1 2 1 4 1 2 1 2 2 3 1 0 2 1 6 2 2 1 3 
929 0 2 1 2 1 2 1 1 4 2 1 0 1 1 4 4 3 2 2 2 1 1 5 2 0 
930 2 1 3 1 1 0 9 3 3 1 2 3 1 1 3 3 0 3 3 2 0 1 2 2 2 
931 2 3 3 4 3 1 3 5 1 3 2 3 0 2 0 1 2 3 0 2 2 0 2 3 0 
932 1 3 0 0 2 2 2 2 1 4 2 0 3 1 2 1 2 1 1 2 0 3 0 2 3 
933 5 0 0 2 4 6 1 0 3 0 2 1 4 3 0 1 3 1 4 2 2 1 2 3 3 
934 1 3 4 3 2 1 0 3 3 1 2 0 3 1 2 0 0 2 3 1 4 3 3 1 0 
935 1 1 0 0 2 3 2 1 2 2 2 2 2 1 2 5 1 1 1 2 1 3 1 1 2 
936 1 3 2 2 2 1 2 1 0 0 0 1 2 1 1 1 3 1 1 0 3 3 6 1 2 
937 2 1 3 4 0 2 3 2 0 1 2 3 2 0 1 2 2 3 3 2 1 1 2 0 3 
938 1 2 0 3 2 3 2 1 2 1 3 3 1 2 1 2 0 2 3 2 1 2 2 2 1 
939 1 3 1 1 1 3 4 9 2 2 1 2 3 3 2 2 3 0 1 0 2 2 2 3 1 
940 1 5 0 1 0 1 0 0 0 2 0 2 3 3 1 1 1 0 1 0 2 1 1 3 4 
941 2 3 1 2 1 2 1 4 2 0 4 3 2 4 0 2 3 0 1 2 1 2 1 3 0 
  174 
Position 0 0.42 0.83 1.25 1.67 2.08 2.5 2.92 3.33 3.75 4.17 4.58 5 5.42 5.83 6.25 6.67 7.08 7.5 7.92 8.33 8.75 9.17 9.58 10 
integrated 
counts 
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942 2 1 2 3 1 2 4 1 0 1 3 1 2 0 3 5 1 4 1 4 0 1 4 1 2 
943 2 2 1 1 2 3 0 3 3 1 2 3 1 0 0 3 0 2 1 1 1 1 1 1 3 
944 1 0 1 1 1 2 2 0 5 2 6 4 3 3 1 1 3 1 2 1 4 1 0 1 1 
945 1 0 1 2 2 0 2 1 3 0 2 1 2 3 0 1 0 2 1 2 3 1 1 5 0 
946 3 3 2 2 4 1 1 1 2 2 1 0 5 2 2 0 1 0 2 2 1 2 0 1 1 
947 1 1 1 3 3 0 3 2 1 2 1 2 3 3 1 2 1 0 2 1 0 2 1 2 0 
948 2 1 0 1 2 1 1 1 3 1 2 3 1 3 1 0 2 5 3 2 1 2 0 5 0 
949 1 1 2 1 2 2 2 2 3 1 1 1 1 1 3 4 0 2 1 1 1 0 1 1 4 
950 1 3 2 3 3 3 0 2 3 1 1 2 2 1 1 0 0 1 2 2 4 3 0 3 1 
951 3 3 2 0 2 1 2 0 3 4 0 2 2 0 1 3 0 3 0 1 1 3 3 2 4 
952 3 3 2 0 6 2 0 2 2 5 1 0 3 1 1 1 1 1 4 1 1 2 0 1 1 
953 2 3 2 4 3 1 0 1 0 1 1 2 1 1 0 4 1 3 3 0 1 2 3 2 2 
954 3 1 2 1 2 0 0 3 3 1 4 0 0 1 0 1 2 2 1 2 0 1 3 2 5 
955 0 2 2 2 0 1 4 1 1 1 1 3 1 2 1 2 4 2 1 2 0 4 0 5 3 
956 1 1 4 2 2 3 2 1 2 4 0 1 1 2 2 1 2 2 1 5 3 2 2 4 2 
957 1 2 1 3 0 1 3 0 2 1 3 0 1 2 2 3 2 2 0 1 1 2 0 4 1 
958 1 1 1 1 0 0 0 1 1 1 3 1 3 1 2 2 0 3 1 1 4 2 4 3 2 
959 0 0 2 0 3 0 1 1 4 1 0 3 2 0 1 4 1 0 3 1 1 1 1 2 1 
960 0 0 1 0 0 1 4 0 1 0 1 2 0 1 2 1 4 5 3 0 2 2 1 1 0 
961 1 1 1 1 1 1 0 0 1 1 1 0 4 1 0 1 5 1 2 1 3 2 5 1 1 
962 3 0 3 0 1 2 2 4 1 0 2 2 3 0 1 1 2 3 1 1 2 1 4 1 0 
963 1 3 0 1 1 1 0 1 2 4 1 4 2 2 3 1 0 3 4 4 1 2 2 2 2 
964 1 0 2 0 2 0 1 3 3 4 3 1 0 4 0 1 0 1 0 3 1 0 3 0 3 
965 1 0 4 2 2 2 1 1 2 3 1 0 1 1 2 1 0 1 1 2 0 1 2 5 1 
966 0 1 2 1 0 1 3 1 3 2 3 2 3 1 1 4 4 3 3 1 0 1 3 0 0 
967 2 0 3 2 2 2 1 1 2 0 0 0 1 0 0 1 0 3 0 0 1 1 0 2 0 
968 1 0 1 2 0 1 2 2 0 2 3 1 2 1 0 1 2 1 2 2 2 2 0 1 3 
969 2 2 1 1 0 2 1 1 1 2 0 2 1 3 1 0 2 1 1 2 2 0 3 1 1 
970 1 3 0 2 1 0 0 1 2 1 0 1 1 1 1 1 2 2 1 2 1 0 1 1 1 
971 1 0 0 2 1 2 0 3 2 0 1 0 3 1 0 2 2 1 2 3 0 0 1 2 3 
972 2 0 2 2 1 0 1 1 0 1 0 2 0 3 1 4 0 1 3 1 0 1 0 0 2 
973 2 1 0 1 0 1 0 1 3 2 2 0 1 1 0 0 3 1 2 1 1 0 2 3 2 
974 1 0 0 2 3 0 4 2 0 1 2 0 2 1 2 0 1 3 0 2 2 3 1 1 0 
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(290-405) 1762 2046 2012 2050 2013 2050 2139 2148 2075 2078 2064 2052 2086 2053 2112 2056 2123 2048 2095 2106 2063 1860 1157 1125 921 
975 1 3 0 1 2 3 1 0 2 0 4 1 5 1 3 1 2 0 0 1 0 0 2 1 1 
976 1 1 1 1 1 2 0 3 3 2 1 3 0 3 3 3 0 0 0 1 4 3 1 1 2 
977 1 0 1 0 2 1 1 1 0 0 1 4 2 1 2 2 1 1 1 1 2 1 2 0 1 
978 3 0 3 4 2 0 0 1 2 3 0 2 0 3 2 2 0 4 2 0 0 0 1 2 0 
979 2 1 4 0 2 2 2 0 2 1 0 2 3 3 1 0 1 2 1 0 0 1 2 2 1 
980 3 2 1 2 1 2 3 1 4 1 6 2 1 2 1 1 2 1 2 4 0 2 0 2 2 
981 1 1 0 0 0 1 3 2 2 0 1 0 1 4 1 2 5 0 1 0 0 2 2 1 1 
982 1 0 4 0 1 2 2 1 2 2 2 0 0 3 2 2 2 0 3 0 2 1 0 0 2 
983 1 1 1 0 2 1 0 1 1 3 1 1 1 1 1 1 2 1 1 0 3 0 0 0 1 
984 1 2 2 2 1 1 1 1 2 4 2 0 1 0 2 0 0 0 2 1 2 3 3 4 1 
985 0 1 0 2 2 1 1 3 3 2 0 1 4 0 2 0 1 1 0 0 2 2 1 1 2 
986 0 1 1 2 2 2 2 1 0 2 2 2 4 2 1 2 0 0 1 2 1 4 1 2 3 
987 0 1 0 1 1 4 0 0 2 1 2 1 1 4 0 0 1 1 1 0 1 0 1 2 1 
988 1 1 0 2 0 2 1 3 1 0 0 4 3 2 3 2 0 1 2 3 2 1 0 2 2 
989 1 1 1 2 3 1 1 1 1 1 1 0 1 2 1 0 1 0 0 0 1 1 1 1 1 
990 2 1 2 1 1 1 0 1 0 1 3 0 3 0 3 2 0 1 0 0 0 2 0 1 2 
991 1 1 1 2 0 3 0 2 1 2 2 1 0 2 2 3 1 1 1 0 2 2 2 1 1 
992 3 1 2 0 1 0 2 1 0 2 0 0 1 0 0 4 0 1 3 0 1 2 3 1 0 
993 4 1 0 1 2 1 1 1 1 2 5 1 1 0 2 1 3 2 2 1 2 1 0 2 2 
994 3 0 1 0 1 0 2 2 3 0 0 2 2 0 2 0 1 1 1 1 0 0 2 2 1 
995 0 1 1 0 0 1 1 0 2 2 1 0 0 1 2 0 0 1 0 3 1 1 3 1 2 
996 0 3 1 3 1 0 2 0 0 0 2 1 2 0 0 1 3 0 2 5 3 2 2 0 0 
997 1 2 1 2 2 0 1 1 1 2 2 0 2 0 0 2 3 0 1 2 2 1 1 2 2 
998 0 1 1 0 0 0 2 0 2 2 1 2 2 1 3 3 0 0 1 2 2 0 2 4 0 
999 0 0 0 1 1 2 0 1 0 1 3 1 1 1 3 0 1 2 1 1 1 0 0 2 1 
1000 1 0 1 1 0 6 1 0 1 0 1 2 1 0 0 1 0 0 1 1 2 0 1 1 0 
1001 3 3 1 1 0 1 1 2 2 0 0 3 1 2 2 2 1 2 1 1 1 3 1 1 2 
1002 1 5 0 1 1 2 0 2 2 3 3 1 1 1 2 0 0 1 1 2 1 3 1 2 1 
1003 0 1 1 1 0 2 0 0 2 0 1 1 1 2 0 2 2 1 0 0 1 0 3 0 0 
1004 1 2 1 1 2 1 0 2 0 3 0 1 1 2 1 1 2 2 2 1 1 1 1 2 1 
1005 3 0 1 0 3 2 1 1 2 2 0 1 1 0 2 0 1 0 3 1 2 1 1 5 1 
1006 3 0 1 2 1 1 2 1 0 3 1 0 0 0 2 3 1 0 0 3 1 0 1 2 1 
1007 3 1 0 0 0 0 0 3 0 1 4 1 0 0 1 0 0 1 2 2 0 2 1 2 0 
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1008 0 0 1 0 1 3 1 0 3 2 0 1 1 1 1 0 1 2 2 1 0 0 0 2 1 
1009 1 0 1 1 1 2 2 0 0 2 0 2 3 2 2 2 1 0 0 3 0 3 3 3 3 
1010 1 0 3 1 2 2 1 0 1 1 1 0 0 0 1 2 1 1 0 2 1 1 2 1 0 
1011 0 1 2 2 3 2 0 0 2 3 2 0 2 1 2 1 2 2 1 0 2 2 0 1 0 
1012 0 2 0 1 1 2 0 3 0 0 2 0 1 0 2 0 1 1 1 0 1 2 3 2 0 
1013 0 0 1 3 2 0 2 0 2 1 0 0 2 0 2 1 0 0 0 1 0 1 2 2 0 
1014 2 1 1 1 3 1 2 0 0 2 2 0 1 3 1 2 0 2 0 2 0 1 2 3 0 
1015 2 0 1 2 1 3 2 1 2 1 3 0 1 2 1 0 1 4 0 1 2 2 0 0 0 
1016 0 1 2 0 0 1 3 0 1 1 1 2 1 0 1 3 0 0 0 1 0 1 0 2 4 
1017 0 0 0 1 1 1 2 1 0 0 0 0 0 2 0 0 0 0 0 4 0 1 1 1 1 
1018 0 2 2 1 0 1 1 3 3 0 1 2 0 0 0 1 0 0 2 0 1 2 0 2 0 
1019 1 1 0 1 0 0 1 0 3 1 4 1 0 0 1 4 4 2 0 0 4 1 1 2 0 
1020 2 1 1 2 1 1 0 0 0 0 1 1 1 1 0 2 2 0 0 1 0 0 5 1 0 
1021 0 2 4 2 3 2 2 0 0 4 2 1 2 1 4 3 3 0 1 2 2 0 2 3 2 
1022 3 4 0 3 1 4 0 4 2 2 0 3 2 0 0 0 5 2 1 0 0 1 1 1 1 
1023 2 1 4 0 1 0 0 0 1 1 3 2 0 3 1 0 2 3 0 0 2 2 2 1 0 
1024 434 413 452 417 455 440 431 405 428 413 421 439 405 410 428 396 441 431 400 430 457 412 456 434 436 
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Figure C2. Calibration curve for ICP-MS data for 100 mM NaCl and 10 mM NaCl columns 
adsorption experiments. 
 
 
Figure C3. Calibration curve for ICP-MS data for 100 mM NaCl and 10 mM NaCl columns 
desorption experiments. 
 
  178 
Table C8.1 
Variable Expression Description 
dispersivity1 long_disp*flux1 dispersivity in column 1 
dispersivity2 long_disp*flux2 dispersivity in column 2 
Kv 70.795 distribution coefficient weak site 
Kv2 707.9457844 distribution coefficient, strong site 
Q ((XCs*Na)/(Cs*XNa)) ion activity product weak site 
Q2 (XCs2/XCs)*(XCs>0) ion activity product strong site 
Rr k1_t1*Cs*(1-Q/Kv) forward rate expression 
Rr_global (k1_global)*(Cs*XNa)*(1-(Q/Kv)^(Q_coefficient)) forward rate expression for global fit 
Rr_global_site2 k2_global_site2*XCs*XCs2 forward rate expression for column 1 pumping experiment 1 2 sites 
Rr_pumping1_c2 (k1_pumping1_c2)*(Cs*XNa)*(1-Q/Kv) forward rate expression for column 2 pumping experiment 1 
Rr_pumping2 k1_pumping2*Cs*XNa forward rate expression for pumping after stopflow 
Rr_pumping2_c2 k1_pumping2_c2*Cs*XNa forward rate expression for column 2 pumping experiment 2 
Rr_pumping3_c2 k1_pumping3_c2*Cs*XNa forward rate expression for column 2 pumping experiment 3 
Rr_stopflow (k1_stopflow)*(Cs*XNa)*(1-(Q/Kv)^(Q_coefficient)) forward rate expression during stopflow 
Rr_stopflow1_c2 (k1_stopflow1_c2)*(Cs*XNa)*(1-Q/Kv) forward rate expression for column 2 stopflow experiment 1 
Rr_stopflow2_c2 k1_stopflow2_c2*Cs*XNa forward rate expression for column 2 stopflow experiment 2 
Rr_XCs_2nd_site_pumping1_c1 k2_XCs2_pumping1_c1*XCs2*(1-Q2/Kv2) rate expression for cs sorbed to site 1 column 1 pumping experiment 1 
Rr_XCs_2nd_site_stopflow1_c1 k2_XCs2_stopflow1_c1*XCs2*(1-Q2/Kv2) rate expression for cs sorbed to site 1 column 1 stopflow experiment 1 
Rr_XCs2_pumping1_c1 k1_XCs2_pumping1_c1*XCs*(1-(Q2/Kv2)^Q2_coefficient) rate expression for cs sorbed to site 2 column 1 pumping experiment 1 
Rr_XCs2_stopflow1_c1 k1_XCs2_stopflow1_c1*XCs*(1-(Q2/Kv2)^Q2_coefficient) rate expression for cs sorbed to site 2 column 1 stopflow experiment 1 
Rr2 k2_t1*XCs*(1-Q/Kv) reverse rate expression 
Rr2_global k2_global*XCs*Na*(1-(Kv/Q)^Q_coefficient)*(Q>0) reverse rate expression for global fit 
Rr2_global_site2 k2_global_site2*XCs*XCs2 reverse rate expression for column 1 pumping experiment 1 2 sites 
Rr2_pumping1_c2 k2_pumping1_c2*XCs*Na*(1-Kv/Q)*(Q>0) reverse rate expression for column 2 pumping experiment 1 
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Variable Expression Description 
Rr2_pumping2 k2_pumping2*XCs*Na reverse rate expression after stopflow 
Rr2_pumping2_c2 k2_pumping2_c2*XCs*Na reverse rate expression for column 2 pumping experiment 2 
Rr2_pumping3_c2 k2_pumping3_c2*XCs*Na reverse rate experession for column 2 pumping experiment 3 
Rr2_stopflow k2_stopflow*XCs*Na*(1-Kv/Q)*(Q>0) reverse rate expression during stopflow 
Rr2_stopflow1_c2 k2_stopflow1_c2*XCs*Na*(1-Kv/Q)*(Q>0) reverse rate expression for column 2 stopflow experiment 1 
Rr2_stopflow2_c2 k2_stopflow2_c2*XCs*Na reverse rate expression for column 2 stopflow experiment 2 
XNa CEC-XCs-XCs2 sorbed sodium concentration 
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